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Measuring Racial Discrimination with Fair Housing Audits: 
Caught in the Act 


By JOHN YINGER* 


A survey technique called a fair housing audit provides a direct measure of racial 
discrimination in housing and an opportunity to test hypotheses about its causes. 
Audits conducted in Boston in 1981 uncovered extensive discrimination; black 
housing seekers were told about 30 percent fewer available housing units than 
were whites. This paper finds that the primary cause of this discrimination is 
economic: Housing agents cater to the racial prejudice of current or potential 


white customers. 


With the help of a survey technique called 
a fair housing audit, several recent studies 
have demonstrated that, despite the Civil 
Rights Act of 1968, racial and ethnic dis- 
crimination in housing continues to be 
widespread. This paper examines the dis- 
crimination uncovered by a large audit study 
conducted in Boston in 1981 and analyzes 
the econometric issues that arise in evaluat- 
ing fair housing audit data. The audit tech- 
nique also makes it possible to test hypo- 
theses about the causes of discriminatory 
behavior by housing agents. This paper states 
and carries out such tests. 

In a fair housing audit, an individual from 
the white majority and an individual from a 
minority group, who have been matched 
according to their family and economic char- 
acteristics, successively visit a landlord or 
real estate broker in search of housing. By 
comparing the treatment minority and ma- 
jority auditors receive, a researcher can iso- 
late discrimination, which is defined as sys- 
tematically less favorable treatment for the 
minority auditors. 

Fair housing audits were developed by fair 
housing organizations as an investigative 


*Professor of Economics and Public Administration, 
The Maxwell School, Syracuse University, Syracuse, 
NY 13244, I thank Judith Feins, who provided the data; 
Wilhelmina Leigh, Gary Solon, two anonymous referees, 
and participants in a seminar at the Institute of Public 
Policy Studies, University of Michigan, for helpful com- 
ments; and Howard Bloom and Michael Stoto for val- 
uable advice on an early version of the material on 
audit methodology. 
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tool. They were first used for research in the 
pioneering study by Ronald Wienk et al. 
(1979) and have since been used in four 
other large studies, all of which pay careful 
attention to sampling, survey writing, audi- 
tor training, and survey management.! This 
paper examines data from the audit study 
conducted by Judith Feins, Rachael Bratt, 
and Robert Hollister. 

Fair housing audits are an important 
methodological advance. Previous research 


examined discrimination indirectly by look- 


ing for its impacts on urban residential 
structure, such as higher prices in largely 
black areas and more centralized patterns of 
black residence (see my paper, 1979). Fair 
housing audits, on the other hand, literally 
catch discriminators in the act of dis- 
criminating. As a result, audits provide 
direct measures of discrimination and an 
unprecedented opportunity to study the 
circumstances under which discrimination 
occurs. 


I. Measuring the Level of Discrimination 


Fair housing audits yield information on 
the treatment black (or any other minority) 
and white housing seekers receive from hous- 


1The studies, all reviewed in my paper (1984), are 
Jon Hakken (1979); Judith Feins, Rachael Bratt, and 
Robert Hollister (1981) (summarized in Feins and Bratt, 
1983); Franklin James, Betty McCummings, and Eileen 
Tynan (1983); and William Holshouser (1984). For a 
detailed review of study design and management issues, 
see Wienk et al., Feins et al., or myself (1984). 
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ing agents. In the broadest sense, racial dis- 
crimination exists whenever black auditors 
receive less favorable treatment than their 
white teammates. Treatment has many di- 
mensions, however; each auditor is told 
about a certain number of units, quoted a 
certain rent or asking price, given certain 
signals about credit checks and financing, 
and so on. Although discrimination can oc- 
cur in all types of treatment, this paper 
follows the existing studies in focusing on 
discrimination in the provision of informa- 
tion about available housing. After all, blacks 
cannot gain access to housing unless they 
know it exists.” 

I employ three measures of housing avail- 
ability: the number of housing units offered 


to the auditor as serious possibilities; the - 


number of units the auditor was invited to 
inspect; and the number of units the auditor 
actually inspected.? For each measure, I 
estimate the level of discrimination and test 
the associated hypothesis that discrimination 
exists. 


A. A Simple Model of 
Discriminatory Treatment 


A fair housing “audit” consists of two or 
more “visits” to a housing “agent,” some 
visits by black auditors and some visits by 
their white teammates. An audit study con- 
sists of audits carried out for a random 
sample of the advertised housing units in a 
given housing market using a set of trained 
auditors. Let us describe audit data with two 
subscripts: a identifies the audit and i iden- 


?¥For evidence about discrimination in other types of 
treatment, see my paper (1984). Discrimination in credit 
checks or the provision of mortgages is difficult to study 
with audits, but other methods can be used. See Robert 
Schafer and Helen Ladd (1981). 

3Auditors try to visit all units to which they are 
invited, but not all invitations are genuine and they do 
not always succeed. One kind of discrimination, racial 
steering, may exist even if blacks and whites are told 
about the same number of available units; blacks may 


learn about units in black areas and whites about units — 


in white areas. The Boston data provide some evidence 
of steering: after controlling for differences in the total 
number of units seen, on average black auditors saw .31 
apartments and .21 houses that were not shown to their 
white teammates. See my paper (1984). 


DECEMBER 1986 


 tifies the individual auditor. The number of 


visits or observations equals the number of 
audits, say N, multiplied by the average 
number of auditors per audit. In most stud- 
ies, including the 1981 Boston study, each 
audit consists of two visits, one by a minor- 
ity auditor and one by a majority auditor, so 
the number of visits is 2N. 

Now let A measure an action taken by a 
housing agent toward an auditor, such as the 
number of apartments the auditor is invited 
to inspect; let R be a binary variable for 
minority status, where R equals one for a 
black and zero for a white auditor; and let e 
stand for a random error. Then the relation- 
ship between A and R is 


(1) A,,;=a+ BR; + ezi 


The ordinary least squares (OLS) estimate 
of B, say b, is a measure of the level of 
discrimination. If a higher value of A implies 
more favorable treatment, then a negative 
value for b implies that agents discriminate 
against minority auditors in action ‘A. The 
t-test for B is a test of the hypothesis that 
discrimination exists. Note that b is the dif- 
ference in the mean treatment of blacks and 
whites and the OLS t-test is equivalent to a 
standard difference-of-means test. 


B. Eliminating Bias Through 
the Audit Study Design 


The first statistical question to ask about 
equation (1) is whether b is biased. Many 
variables other than R influence the treat- 
ment an auditor receives, so the question is 
whether b is biased because these variables 
are left out of the equation. According to the 
well-known theorem, left-out-variable bias in 
b equals the sum, across all left-out vari- 
ables, of the true coefficient of the left-out 
variable multiplied by the partial correlation 
between that variable and R (see J. John- 
ston, 1972, p. 169). The audit design elim- 
inates bias by identifying variables that are 
likely to have large true coefficients—that is, 
large effects on A—and insuring that the 
correlation between these variables and R 
equals zero. 
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Three categories of left-out variables might 
influence treatment: whether the auditor 
precedes or follows his or her teammate(s); 
characteristics of the audit, including condi- 
tions in the housing market at the time of 
the audit and characteristics of the housing 
agent; and characteristics of the auditor. The 
audit design eliminates bias from all three 
categories. 

Teammates cannot visit an agent at the 
same time, and their order of visit might 
influence their relative treatment. For exam- 


ple, a rental agent might discourage the sec- ` 


ond auditor if her teammate looked like a 
good prospect. To insure that order of visit 
would not be correlated with R, and there- 
fore would not be a source of bias in b, 
Feins et al. assigned order randomly. 

Sending auditors to the same agency dur- 
ing a short time span insures that agency 
characteristics and housing market condi- 
tions are the same for teammates and there- 
fore are not correlated with R. Teammates 
visit the same agency but may encounter 
different agents. This possibility is not a 
source of bias. If the assignment of an agent 
to a customer is a random process, or if it 
depends on customer characteristics other 
than minority status, then variation in treat- 
ment across agents is not correlated with R. 
If, on the other hand, agent assignment de- 
pends on the customer’s minority status, then 
differences in teammates’ treatment due to 
the assignment process constitute discrim- 
ination and appropriately influence b. 

The treatment an auditor receives is also 
influenced by his or her age, income, and 
family characteristics. In an audit study, 
teammates are matched on these characteris- 
tics, so that they are not correlated with R 
and therefore are not a source of bias. All 
the auditors in a team are assigned income 
and family characteristics. A study manager 
controls matching by teaming auditors with 
the same indelible characteristics, such as 
sex and age, and by assigning similar income 
and family characteristics to teammates. 

All auditor characteristics that might in- 
fluence treatment cannot be identified and 
incorporated into the matching process. 
Teammates may receive different treatment, 
for example, because of different personal 
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styles. Audit studies minimize the potential 
bias from hard-to-measure auditor character- 
istics by giving all auditors the same thor- 
ough training and by avoiding auditors whose 
personalities might induce unusual treatment 
by agents.* 


C. An Error-Components Model of 
Discriminatory Treatment 


The audit study design implies that the 
random error in equation (1) has three com- 
ponents. The first, A,, is associated with 
audit a; that is, it measures variation in 
treatment due to factors shared by the team- 
mates who participate in a given audit, in- 
cluding shared individual characteristics, 
agency characteristics, and market condi- 
tions. By definition, factors that are shared 
by teammates are not correlated with R. The 
second component, p,, refers to auditor i; 
that is, it measures variation in treatment 
due to auditor characteristics other than race 
that are not shared by teammates. Auditor 
assignment, matching, training, and selection 
are designed to insure that auditor character- 
istics with large impacts on treatment are 
reflected in À„, not p;. What remains in p; is 
small, random variation in the treatment of 
individuals that is not correlated with R. 
The third component, ¢,,, measures the 
component of treatment that is unique to 
auditor i’s participation in audit a. Sending 
auditors to the same agency at about the 
same time insures that agency characteristics 
and market conditions, are reflected in À, 
€; Randomizing order insures that order, 
the effect of which is in ¢,,, is not correlated 
with R. In symbols, 


ap 


(2) A,,=a+BR;+A, thit Eai- 


Because the error components are not corre- 


‘Auditor training and selection and the assignment 
of roles eliminate auditor characteristics as a source of 
bias but also limit the generality of the results; an audit 
study does not reveal the level of discrimination against 
minorities with characteristics outside the range 
observed in auditors. 
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TABLE 1— THE LEVEL OF DISCRIMINATION IN HOUSING AVAILABILITY 
Measure of Availability 
Rental Audits Sales Audits 
Possi- Invited Possi- Invited 
bilities To See Inspected bilities To See Inspected 
Measures of Treatment (Number of Housing Units) 
White Average 
= Constant Term 2.077 1.959 1.308 2.195 2.119 1.322 
Level of Discrimination 
Against Blacks = — b 0.594 0.712 0.433 0.576 0.542 0.314 
Test Statistics for the Level of Discrimination 
Bivariate Regression? 
Standard Error 0.153 0.150 0.101 0.172 0.178 0.097 
t-Statistic? 3.877 4.734 4,302 3.343 3.055 3.247 
R-Squared 0.046 0.067 0.056 0.046 0.038 0.043 
Paired Difference-of-Means Test? 
Standard Error 0.119 0.123 0.089 0.125 0.139 0.077 
t-Statistic® 5.007 5.779 4.883 4.623 3.902 4.074 
R-Squared? 0.715 0.688 0.634 0.753 0.708 0.699 
Number of Audits 156 156 156 118 118 118 


Source: Author’s calculations based on the Feins et al. 1981 Boston data. 
Notes: Possibilities = number of housing units discussed as serious possibilities; Invited to see = number of housing 
units invited to inspect; Inspected = number of housing units actually inspected. 


°And standard difference-of-means test. 


>A t-statistic above 3.291 occurs by chance only once in 2000 trials. 
jAnd bivariate regression plus audit dummies or GLS regression, 


d Only applies to regression with audit dummies. 


lated with R, the OLS estimate of 8, name- 
ly b, is unbiased. 

Although OLS yields an unbiased b, the 
OLS standard error for b is biased upward 
and could lead researchers or enforcement 
Officials to conclude that discrimination does 
not exist when in fact it does. This bias 
arises because of the error component À, 
which implies that the error terms for black 
and white auditors are correlated. Consider 
the case of two auditors per audit. Let e,, 
and e,y be the error terms in equation (1) 
for the black and white auditors, respective- 
ly. Now define p = Cov(e,p, €,w)/Vat(e,;)- 


SIn principle, p; and the error component for order 
of visit, which is in ej, could also lead to biased 
standard errors. A GLS procedure to account for p; 
would be complex but would add little; because the 
study design keeps p; small, its effect on the standard 
errors is small (for evidence, see fn. 11). Auditor dum- 
mies cannot be used to correct for p; because they are 
perfectly collinear with R. And as shown in Section II, 
a dummy variable for order, which corrects for the 
order error component, is never significant. 


Then OLS overstates the standard error of b 

by a factor of 1/(1—p)!”*.° If p=0.5, for 

example, the OLS formula overstates s, by 
41 percent. 

With two auditors per audit, this error in 

s, can be eliminated with a paired differ- 

- ence-of-means test, which uses the same b 


®In a bivariate regression of Y on X, the variance 
of b is 


Var(b)=E we p42 2 wey ee, |> 
i 


where j and k stand for observation, w, = xj / Ex, 
and x;=(X,— X). See Johnston (p. 20). In my case, 
X = R;, Ele 2) = 07, and if teammates’ observations 
appear together, E(e;e,) = Cov(eg, ey) for teammates 
(j=odd, k= j +1) and E(eek) = 0 otherwise. Fur- 
thermore, p = Cowley, eg)/a? (see text), Cw? = 
1/Xx? (see Johnston, p. 19), and x= (R,- R) equals 
oF for blacks and —0.5 for whites. Thus, Var(b) = 
ori [C252] + PNXSX ~ S)/C25)(2N)JI*} = 
(1— p)/N. It follows that the usual OLS formula, 
si assumes p = 0, overstates s,, which is the square 
root of Var(b), by a factor of 1/(1— p}. 
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as the standard difference-of-means test, but 
incorporates the covariance between e,, and 
€,w into the calculation of s,” Identical 
results can be obtained from two regression 
models. A “fixed effects” model includes a 
dummy variable for each audit; the coeffi- 
cient of the dummy variable for audit a is 
an estimate of \,. A “random effects” model 
treats the correlation between teammates’ 
errors as part of the error structure: and 
derives a generalized least squares (GLS) 
procedure to account for it. This GLS proce- 
dure is employed in Section II and is de- 
scribed in the Appendix.® 


D. Results from the 1981 Boston Audits 


Table 1 presents my analysis of the audit 
data collected by Feins et al. in Boston in 
1981.° The second row contains the esti- 
mated level of discrimination in three mea- 
sures of housing availability in both the 
rental and sales markets. The level of dis- 


TIn the paired test, the t-statistic is the difference in 
average treatment of blacks and whites divided by an 
estimate of s, equal to the square root of [Var(A,y)+ 
Var(A,»)~2Cov(Age, Aaw J/N. 

® With two visits per audit and no control variables, 
these three methods are algebraically equivalent. This 
equivalence can be demonstrated with the results in 
Yair Mundlak (1978). A fixed effects model estimates £ 
on the basis of variation in the data within groups (in 
my case within audits), but ignores variation between 
groups. A random effects model estimates B on the 
basis of a weighted average of within- and between- 
group variation. Because of the audit design, however, 
there is no between-group variation in R (every audit 
involves a zero and a one) and the GLS estimate 
collapses to the OLS estimate with audit dummies. 
Estimating each audit error is the same as analyzing 
differences between teammates, so all three methods are 
the same. Because a GLS procedure is consistent and 
asymptotically efficient, the other procedures share these 
desirable properties, and one might as well use the 
simplest procedure, namely the paired difference-of- 
means test. A more formal proof of these results is 
available from the author. I am grateful to Gary Solon 
for suggesting this line of argument. 

Feins et al. also present bivariate regression results 
for these three treatment variables. My results differ 
slightly from theirs because they weighted the data to 
count each neighborhood equally and they did not 
eliminate the bias in s,. 
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crimination is high in all six cases.° For 
example, discrimination in “invitations” in 
the rental audits is 0.712 apartments; on 
average, blacks were invited to inspect 1.247 
apartments, whereas white were invited to 
inspect 0.712 apartments more (or 57 per- 
cent more) than blacks. Overall, blacks must 
search much harder than whites to find 
equivalent housing; a black renter would 
have to visit 8 housing agents to receive as 
many invitations to inspect as a white re- 
ceives from 5 agents.1! 

.The correct t-test, in the seventh row of 
Table 1, indicates that these estimates of 
discrimination are highly significant. A com- 
parison of third and sixth rows reveals that 
the incorrect bivariate ‘regression yields 
standard errors that are biased upward by as 
much as 38 percent—but that still indicate 
significance. In a different audit study, a 
failure to correct a bias of this magnitude 
might lead one to conclude that discrimina- 
tion does not exist when in fact it does. 


II. Testing Hypotheses About 
Discriminatory Behavior , 


Table 1 documents that discrimination ex- 
ists, but provides no insight into its causes. 
Discrimination is, of course, illegal regard- 
less of its causes, but an analysis of causes 
helps to determine why discrimination per- 
sists and to design more effective policies to 
eliminate it. Consequently, this section 
explains and tests hypotheses about the 


10Audits avoid bias in b by insuring that teammates 
share factors that might influence treatment. Thus, a 
simple measure of the success of the design is the 
proportion of the variance in treatment explained by 
audit dummies. In Table 1, adding audit dummies boosts 
the R-squared from about 0.05 to about 0.7; most of the 
factors that influence treatment are indeed shared by 
teammates. 

paul Courant (1978) shows that discrimination of 
this form can lead to a high degree of racial residential 
segregation and to a higher price for equivalent housing 
in black than in white areas, Schafer (1979) found large 
price differentials (up to 34. percent for some housing 
types) between largely black and largely white areas of 
Boston in 1970. The audit results and Courant’s analy- 
sis suggest that these price differentials may have 
continued into the 1980's. 


886 THE AMERICAN ECONOMIC REVIEW 


causes of discriminatory behavior by hous- 
ing agents. 


A. The Hypotheses 


The literature on discrimination indicates 
that a housing agent might deny blacks access 
to housing because of his (or her) own pre- 
judice or because of the prejudice of his 
white customers (see my paper, 1979). A 
third possibility is that housing agents treat 
blacks and whites differently because they 
expect blacks and whites to prefer different 
neighborhoods.’ In this section, I apply 
these hypotheses to discrimination in the 
provision of information about available 
housing and test them using audit evidence. 
A similar set of hypotheses and tests (de- 
rived independently) for a different set of 
treatment variables is presented by John 
Simonson and Wienk (1984), using the audits 
carried out by Wienk et al. 

The first hypothesis is that an agent’s own 
prejudice leads him to discriminate in order 
to avoid dealing with blacks. According to 
this agent-prejudice hypothesis, variation in 
the strength of racial prejudice among hous- 
ing agents leads to variation in the level of 
discrimination. Prejudice tends to increase 
with age, for example, and men tend to be 
more prejudiced than women (see George 
Simpson and Milton Yinger, 1985). More 
discrimination by older or by male brokers 
would therefore provide support for this hy- 
pothesis. The strength of an agent’s prej- 
udice, and hence the level of discrimination, 
also may vary with characteristics of the 
black auditor that matter to the agent but 
not to his potential white customers. The sex 
of a married black customer, for example, 
cannot matter to white residents (who would 
have both husband and wife as neighbors), 
but it might matter to the agent (who only 
deals with one spouse). 

The second hypothesis is that an agent 
who depends on the business of a prejudiced 
white community discriminates in order to 
avoid alienating his current or potential white 


12 This hypothesis was proposed by an anonymous 
referee. 
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customers. Rental agents for all-white apart- 
ment buildings discriminate against blacks 
because the entry of a few blacks could lead 
to the exit of many or all white tenants and 
hence to extensive turnover costs. Real estate 
brokers cultivate contacts in their commun- 
ity to attract potential buyers and sellers. In 
a prejudiced white community, therefore, 
brokers discriminate against blacks to avoid 
alienating most of their potential clients, 
namely white residents. 

These incentives to discriminate break 
down once a neighborhood starts to undergo 
racial transition. If blacks are willing to out- 
bid whites for apartments, complete racial 
turnover may yield an increase in rental 
income that compensates a landlord for his 
turnover costs. And once racial transition 
begins, a real estate broker cannot be blamed 
for introducing blacks and he may be able to 
generate extra commission income by en- 
couraging rapid turnover. 

In sum, the white-customer-prejudice hy- 
pothesis predicts extensive racial discrim- 
ination in established white areas, but no 
discrimination in areas experiencing rapid 
racial transition. 

The Boston audits took place in six 
neighborhoods, which are described in Ta- 
ble 2. Back Bay/Beacon Hill and Central 
are mostly white with significant increases in 
population but very small increases in black 
population between 1970 and 1980. The other 
four neighborhoods are more integrated, with 
racial compositions between 8 and 41 per- 
cent black, but they had widely varying pat- 
terns of racial change between 1970 and 
1980. Dorchester and Hyde Park/Roslindale 
experienced large inflows of blacks and large 
outflows of whites—that is, they experienced 
rapid racial transition. Jamaica Plain lost 
white population, but gained few blacks. And 
the South End, which became a desirable 
location both for young, white professionals 
and for black families, saw rapid growth in 
both its black and white populations. 

The customer-prejudice hypothesis pre- 
dicts that discrimination will be high in Back 
Bay/Beacon Hili and Central and nonex- 
istent in Dorchester and Hyde Park /Roslin- 
dale. It also predicts continuing discrimina- 
tion in Jamaica Plain, where blacks’ demand’ 
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TABLE 2-——- CHARACTERISTICS OF STUDY NEIGHBORHOODS 
1970-80 Change 
as Percentage Percentage of Percentage of 
of 1980 No. Owner Units Renter Units 
1980 Characteristics Population of in Subareas in Subareas 
Popula- Percent Percent Sub- <20% >5% <20% >5% 
Neighborhood tion Renter Black Black Other areas Black Black Black Black 
BackBay/ 30,212 82.1 42 2.2 6.7 1 100.0 0.0 100.0 0.0 
Beacon Hil 
Central 21,797 90.0 3.0 1.8 9.8 3 100.0 0.0 100.0 0.0 
South End 27,125 86.9 40.8 1.1 8.7 1 0.0 100.0 0.0 100.0 
Dorchester 82,912 65.2 24.7 11.3  —40.5 11 62.4 73,5 54.4 82.2 
Hyde Park/ 62,849 48.0 8.1 6.7 -25.3 9 75.3 38.4 82.6 36.0 
Roslindale j 
Jamaica Plain 39,331 74.9 19.1 1.6 -23.1 5 72.5 59.5 44.4 85.4 


Source: Boston Redevelopment Authority. 


for housing does not appear to be growing, 
and in the South End, where many locations 
are currently attractive to whites. 

White residents’ prejudice, and hence agent 
discrimination, may also vary with the black 
auditor’s characteristics. Survey evidence 
suggests that whites are more receptive to 
black neighbors with higher incomes and 
that whites may be more opposed to school 
integration than to residential integration, 
per se (see Simpson and Yinger). We can test 
the hypotheses that housing agents respond 
to these feelings by determining whether dis- 
crimination is stronger against either low- 
income blacks or blacks with school-age 
children. 

The third hypothesis is that agents’ ac- 
tions reflect their perceptions about black 
and white preferences. According to surveys, 
most whites prefer not to move into an 
integrated neighborhood, and most blacks 
prefer an integrated neighborhood to an all- 
black one, although they also prefer not to 
be the first black in a previously all-white 
neighborhood (see Howard Schuman, Char- 
lotte Steed, and Lawrence Bobo, 1985). 
Agents do not know the racial preferences of 
individual auditors; indeed, teammates are 
instructed to ask for the same housing and 
to express interest in all available units. On 
the other hand, agents may be aware of 
average preferences; this hypothesis assumes 
that agents attribute to each auditor the 
average preferences for his or her race. 


Agents’ perceptions and actions are linked 
because showing apartments or houses is 
costly; an agent may not show a housing 
unit to a customer unless he believes there is 
a reasonable probability that the customer 
will rent or buy that unit.” According to the 
above assumption, therefore, an agent will 
not show housing in integrated neighbor- 
hoods to whites or housing in all-white 
neighborhoods to blacks. 

To test this perceived-preference hypothe- 
sis, we must decide which neighborhoods are 
attractive to each race. One survey found 
that 50 percent of whites would “consider” 
moving into a neighborhood that was 21 
percent black and that 95 percent of blacks 
would move into a neighborhood that was 
14 percent black (Reynolds Farley, Suzanne 
Bianchi, and Diane Colasanto, 1979). If 
agents try to please the majority of their 
customers, it therefore seems reasonable to 
assume that any area less than 20 percent 
black is acceptable to whites, and any area 
greater than 5 percent black is acceptable to 
blacks. Several of the neighborhoods in the 
Boston study are large and heterogeneous, so 
the overall racial composition may not be an 
accurate guide to their attractiveness. For- 


Usimonson and Wienk identify several characteris- 
tics of black customers that might signal a low probabil- 
ity of completing a transaction—and therefore might 
lead to discriminatory treatment. 
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tunately, a special census tabulation breaks 
the largest neighborhoods into relatively ho- 
mogeneous subareas. Table 2 presents the 
percentage of owner and renter units in sub- 
areas that, according to the above assump- 
tions, are acceptable to whites and to blacks. 

Based on the data in Table 2, the per- 
ceived-preference hypothesis predicts that 
discrimination will be relatively high in Back 
Bay/Beacon Hill and Central, where all the 
units are acceptable to whites and none are 
acceptable to blacks. In the South End, how- 
ever, this hypothesis predicts no discrimina- 
tion against blacks. (Indeed, the data in Ta- 
ble 2 indicate that no units are in areas 
acceptable to whites and therefore suggest 
that there might even be discrimination 
against whites. Subarea data are not avail- 
able for the South End, however, so the 
heterogeneity mentioned earlier is not cap- 
tured by these data.) In Dorchester and 
Jamaica Plain, the number of units accept- 
able to blacks and whites is about the same, 
so this hypothesis predicts no discrimina- 
tion. In Hyde Park/Roslindale, many more 
units are acceptable to whites than to blacks, 
so this hypothesis predicts discrimination 
against blacks. 

The perceived-preference hypothesis and 
the white-customer-prejudice hypothesis 
yield the same predictions in Back Bay/ 
Beacon Hill, Central, and Dorchester. In the 
South End and Jamaica Plain, however, the 
customer-prejudice hypothesis predicts dis- 
crimination against blacks, whereas the per- 
ceived-preference hypothesis does not. The 
reverse is true for Hyde Park/Roslindale, 
where the perceived-preference hypothesis 
predicts discrimination, but the customer- 
prejudice hypothesis does not. We can de- 
cide which hypothesis to embrace by ex- 
amining the levels of discrimination in these 
last three neighborhoods. 


B. Estimation Strategy 


Hypotheses about nondiscriminatory be- 
havior are built into the audit study design. 
Teammates are matched on income, for ex- 
ample, because income is expected to in- 
fluence their treatment. I now add direct 
controls for nondiscriminatory behavior by 
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introducing into equation (2) the variables 
defined in Table 3. A variable to indicate the 
sex of the auditor, for example, controls for 
the possibility that female auditors are 
treated more favorably than males. 

To test the hypotheses about discrimina- 
tory behavior, let us introduce into equation 
(2) a series of interaction terms between race 
and the control variables in Table 3. Con- 
sider, for example, race interacted with 
whether the housing agent was female. A 
positive coefficient for this variable would 
indicate that female agents discriminate less 
than male agents. The interaction terms are 
expressed as deviations from a mean. For a 
particular auditor, the variable just men- 
tioned, for example, equals the minority 
status of that auditor multiplied by the dif- 
ference between the female-agent variable 
for that auditor and the average value of the 
female-agent variable for black auditors. This 
formulation allows us to continue to inter- 
pret the coefficient of the race variable as the 
average level of discrimination, as in equa- 
tion (2). The coefficients of the interaction 
terms measure variation around this average. 

Now let X/, be control variable j for 
audit a and auditor i, and let Y; be its 
coefficient. Furthermore, let Xi, be the 
average value of XJ, for all visits by black 
auditors. Then adding control variables and 
interaction terms to equation (2) yields 


(3) Aa =a’ + BYR; + Ly Xi 
j 
+ LR; (X J Xip) + Ny + wi + Ehi 
J 


Applying OLS to equation (3) yields unbi- 
ased estimates of the parameters, but the 
controls do not fully eliminate the audit 
error component, \’,, and the standard er- 
rors of OLS coefficients are biased upward. 


141f matching eliminates correlation between the 
controls and R, then adding controls will not affect b. 
Table 4 shows that, by this test, matching was success- 
ful in the 1981 Boston audits. 

153n the Boston audits, the R-squared with controls 
tends to be about half the R-squared with audit dum- 
mies, which fully capture A,; i.e., controls account for 
about half the variation in À,- 
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TABLE 3— DEFINITIONS AND AVERAGE VALUES FOR CONTROL VARIABLES 


Variable 


Auditor’s Assigned Characteristics Income* 


Role = single parent 
= childless couple 
= couple with young children 
= couple with older children 
== previous owner 
Auditor’s Indelible Characteristics 
Age* 
Sex (1 = Female) 
Agent’s Characteristics 
Race (1 = Nonwhite) 
Young (1= < 35-years-old) 
Old (1 = > 50-years-old) 
Sex (1 = Female) 
Other Audit Information 
Auditor’s order of visit (1 = 1st) 
Audit was in June (not May) 
Audit was in afternoon 
Unit was a condominium? 


Rental Audits Sales Audits 
Black White Black White 
Auditor Auditor Auditor Auditor 


2.18 2.03 3.73 3.69 
0.01 0.01 
0.48 0.48 0.56 0.56 
0.04 0.04 0.25 0.27 
0.07 0.04 
0.07 0.07 


3.01 2.73 2.97 2.69 
0.54 0.54 0.47 0.47 


0.03 0.01 0.02 0.02 
0.57 0.57 0.36 0.36 
0.09 0.10 0.19 0.16 
0.49 0.46 0.46 0.48 


0.50 0.50 0.53 0.47 
0.46 0.46 0.33 0.35 
0.57 0.61 0.58 0.64 

0.37 0.37 


*Income defined as follows: $10,000 =1; increments of $10,000 to $50,000 = 5; 


increments of $15,000 to > $80,000 = 7. 


Only one audit team was assigned the single-parent role, so the coefficient of this 
variable measures the relative treatment of this audit—not the relative treatment of 


single parents. 


°Age defined as follows: < 25 =1; 25-29 = 2; ...; 60-64 =9; >65=10. 
d This variable counts audits in which either auditor was quoted a condominium fee, 
but misses condominiums if neither auditor was told that the advertised unit was 


available. 


The GLS procedure in the Appendix can be 
used to eliminate this bias. 


16In equation (3), as in (2), X, can be eliminated by 
differencing; i.e., by expressing the model as a differ- 
ence between each black auditor and her white team- 
mate. However, this formulation forces one to estimate 
the y,s based solely on the within-audit variation in the 
Xs, despite the fact that most of the variation in these 
variables occurs between audits. This problem can be 
solved in two ways. First, unbiased estimates of the Ys 
can be obtained using equation (3) and these estimates 
can then be used as a restriction in the differenced 
version of equation (3). This procedure has intuitive 
appeal, but unlike the GLS procedure in the text, its 
statistical properties are not known. (It turns out, how- 
ever, that this paired approach and GLS yield similar 
results, at least for the 1981 Boston sample. Results for 
the paired approach are available from the author.) 
Second, one can ignore teammate differences in the 
X;s; after all, the audit design insures that these differ- 
ences are small. This alternative is employed by Simon- 
son and Wienk, but it is inappropriate for the Boston 
audits, because blacks are assigned slightly more favor- 


C. Results from the 1981 Boston Audits 


Tables 4 and 5 present the GLS results for 
variation in discriminatory behavior.!’ In 
Table 4, the coefficients of R, which still 
measure the average level of discrimination, 
are close in magnitude and significance to 
the estimates in Table 1. The other entries in 
Table 4 are coefficients of nonneighborhood 
interaction terms: the neighborhood results 
are in Table 5. 

Few of the nonneighborhood variables 
have a statistically significant impact on dis- 


able values than are their teammates for a few character- 
istics, such as income, and the left-out differences may 
be correlated with R. See Table 3. 

The GLS results for nondiscriminatory behavior 
are available from the author. Few controls are signifi- 
cant. 
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TABLE 4— ESTIMATED VARIATION IN DISCRIMINATORY BEHAVIOR 
Measure of Rental Availability Measure of Sales Availability 
Possi- Invited Possi- Invited 
Variable bilities To See Inspected bilities To See Inspected 
Average Level of Discrimination 
Auditor’s Race 0.5757 0.6596 0.4502 0.4815 0.4972 0.3419 
(=R) (4.5510) (5.0640) (4.8490) (3.1060) (2.9470) (3.8480) 
Impact of Control Variables on the Level of Discrimination 
Auditor’s Assigned Characteristics 
Income 0.1385 0.0849 0.0233 0.0657 0.0153 0.2068 
(0.7410) (0.4390) (0.1690) (0.4960) (0.1060) (2.7380) 
Childless Couple — 0.1305 —0.1710 —0.3554 0.7215 0.9129 ~ 0.1863 
(0.4020) (0.5080) (1.4780) (1.3600) (1.5720) (0.6150) 
Couple, Child < 6 — 0.8675 — 0.5022 — 0.6397 0.1557 0.4617 — 0.6757 
(1.1600) (0.6490) (1.1590) (0.2630) (0.7130) (2.0030) 
Couple, Child > 6 0.3417 ~ 0.2387 ~ 0.9226 
(0.3190) (0.2040) (1.5030) 
Previous Owner 0.3648 0.8880 0.4768 
(0.4640) (1.0350) (1.0620) 
Auditor's Indelible Characteristics - 
Age —0.109 0.0210 — 0.0458 0.0621 0.0464 — 0.1769 
(0.0400) (0.0760) (0.2330) (0.1760) (0.1220) (0.8690) 
Sex 0.2942 0.2818 0.2671 0.0976 0.2708 0.5896 
(0.6920) (0.6530) (0.8740) (0.1880) (0.4820) (1.9710) 
Agent’s Characteristics 
Race — 1.0398 ~ 1.1316 — 1.2366 0.3100 0.1514 0.2948 
(0.8360) (0.8640) (1.3160) (0.2850) (0.1270) (0.4760) 
Young 0.3488 0.1641 0.0564 — 0.2601 ~ 0.1351 ~ 0.0645 
(1.1390) (0.5300) (0.2580) (0.7340) (0.3540) (0.3160) 
Old 0.0953 ~ 0.3136 — 0.4013 0.0286 0.2139 0.2443 
(0.1890) (0.6140) (1.1090) (0.0620) (0.4340) (0.9240) 
Sex — 0.3339 —0.3684 0.2636 0.1701 — 0.0855 0.1647 
(1.2410) (1.3380) (1.3460) (0.5500) (0.2550) (0.9280) 
Other Audit Information 
Order 0.1977 0.1884 —0.1139 0.1401 0.0876 — 0.2430 
(0.5790) (0.5760) (0.5000) (0.3640) (0.2200) (1.0650) 
June —0.2618 ~ 0.2524 — 0.1536 0.1961 0.2682 0.1175 
(1.0470) (0.9740) (0.8300) (0.5660) (0.7070) (0.5940) 
Afternoon — 0.5967 — 0.6361 0.0612 — 0.1503 0.2219 0.1052 
(2.0460) (2.1570) (0.2930) (0.4430) (0.6100) (0.5360) 
Condo 0.1396 0.3487 0.0357 
(0.3300) (0.7540) (0.1480) 
R-Squared 0.2995 0.3172 0.2479 0.3647 0.3360 0.3317 


Source: Author’s calculations based on the Feins et al. 1981 Boston data. 

Notes: Row 1 is — b (—1 times the coefficient of R); the other rows are coefficients of variables in Table 3 interacted 
with R (a negative sign implies that discrimination increases with that variable). The sample is visits; dependent 
variables are defined in Table 1; GLS regressions also include control variables in Table 3, a dummy variable for each 
neighborhood in Table 2 (less 1), and neighborhood dummies interacted with R; interactions between R and the 
controls are expressed as deviations from the mean for blacks. Absolute values of t-statistics are shown in 
parentheses. The two-tailed 10 [5] (1) percent level of significance is 1.645 [1.960] (2.576). 


criminatory behavior; in most cases, dis- 
crimination takes place regardless of the 
characteristics of the auditor or of the agent. 
In the rental market, discrimination in offer- 
ing serious possibilities or in invitations to 
inspect is higher in the afternoon, after con- 
trolling for order—a result not predicted by 


any of the hypotheses. In the sales mar- 
ket, discrimination in actual inspections is 
stronger against low-income blacks and black 
families with children. (Estimated discrim- 
ination is even higher against black families 
with older children, although the coefficient 
is not quite significant at the 10 percent 
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TABLE 5—ESTIMATED LEVEL OF DISCRIMINATION BY NEIGHBORHOOD 
Rental Discrimination Sales Discrimination 
No. of Possi- Invited No. of Possi- Invited 
Neighborhood Audits bilities ToSee Inspected Audits bilities ToSee Inspected 
Sample Average 156 0.58° 0.66° 0.45° 118 0.48° 0.50° 0.34° 
(4.55) (5.06) (4.85) (3.11) (2.95) (3.85) 
BackBay/ . 46 0.68° 0.65° 0.07 16 0.03 0.04 0.75° 
Beacon Hill (297) Q4) (0.43) (0.59) (0.07) (2.57) 
Central 31 0.97 1.04° 0.98°4 16 1.09° 0.99° 0.90°4 
(3.40) (3.49) (4.61) (2.44) (2.04) (3.54) 
South End 36 0.054 0.34 0.42? 14 0.89? 0.61 0.63° 
(0.21) (1.28) (2.19) (1.92) (20 (2.37) 
Dorchester 11 0.17 0.55 0.61? 24 0.46 0.76? —0.148 
(0.34) (1.06) (1.65) (1.18) (1.79 0.61 
Hyde Park/ 13 0.46 0.46 ` 0.27 28 —0.06 0.11 —0.178 
Roslindale (1.02 (1.00) (0.80) (0.16) (0.29) 0.80 
Jamaica Plain 19 0,99° 0.87? 0.60? 20 0.64 0.61 0.65° 
(2.80) (237 (2.30) (1.70) (1.48) (3.02) 


Notes: Sample average is from Table 4. Other entries equal (—1) times the coefficients of neighborhood dummies 
interacted with R from regressions like those described in Table 4, except that all six neighborhood interactions are 
included and R is excluded. Absolute values of ¢-statistics are shown in parentheses. 

aà = Significantly different from zero, 90 percent level. 

b = Significantly different from zero, 95 percent level. 

° = Significantly different from zero, 99 percent level. 

4 = Significantly different from average, 95 percent level. 


level.) These results support the hypothesis 
that when it comes to actually showing 
houses to customers, real estate brokers are 
trying to keep out the black households that 
would most upset their potential white 
customers. In addition, black females en- 
counter less discrimination in actual inspect- 
ions than do black males; this result sup- 
ports the hypothesis that some agents have 
particularly strong prejudice against black 
males and therefore avoid showing them 
houses. 

Table 5 reveals substantial variation in 
discrimination across neighborhoods.!® In 
Central and Jamaica Plain, the estimated 


18In Table 5, the average level of discrimination is 
the coefficient of R in a regression with a set of neigh- 
borhood dummy variables (defined as deviations from 
the mean with one left out) interacted with R. The 
levels of discrimination by neighborhood are the coeffi- 
cients of neighborhood dummy variables (defined as 
zero or one with none left out) interacted with R ina 
regression without R. These results measure discrimina- 
tion by neighborhood because all auditors first asked 
about an advertised unit in a given neighborhood, and 
then asked about similar units in the same neighbor- 
hood. 


level of discrimination in both the sales and 
rental markets is high and statistically sig- 
nificant for all three treatment variables. In 
Hyde Park/Roslindale, on the other hand, 
discrimination is low and insignificant and 
in one case is significantly below average. In 
Back Bay/Beacon Hill, the South End, and 
Dorchester, significant discrimination exists 
for one or two treatment variables, usually 
including actual inspections. For a black 
customer, housing agents may be willing to 
provide information, but they avoid taking 
the next step in a housing transaction, namely 
showing available units. The results for the 
sales market in Dorchester are somewhat 
contradictory; estimated discrimination in 
inspections is negative and significantly be- 
low the average level, despite significant dis- 
crimination in invitations to inspect. 

These results provide strong support for 
the white-customer-preference hypothesis 
and a strong rejection of the perceived-pref- 
erence hypothesis. As predicted by both hy- 
potheses, there is discrimination in Back 
Bay/Beacon Hill and in Central. As predict- 
ed by neither, there is some discrimination in 
Dorchester, although in the sales market the 
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discrimination in invitations appears to be 
canceled by equal treatment in actual in- 
spections. In the other three neighborhoods, 
where the two hypotheses yield different 
predictions, the results all support the 
customer-preference hypothesis. To be spe- 
cific, there is discrimination in the South 
End and in Jamaica Plain, but none in Hyde 
Park /Roslindale. 

Thus, housing agents discriminate pri- 
marily to retain the business of their actual 
or potential white customers. This incentive 
to discriminate breaks down when a neigh- 
borhood undergoes rapid racial transition; 
under these circumstances, discrimination 
may disappear (as in Hyde Park /Roslindale) 
or linger (as in Dorchester). Agent prejudice 
may be another source of discrimination in 
some cases, such as the nonshowing of houses 
to black males. 


Ill. Conclusion 


Well-managed fair housing audit studies 
provide direct, compelling tests of the ex- 
istence of discrimination in housing. Un- 
biased measures of the level of discrimina- 
tion (and its standard error) can be obtained 
with a very simple technique, namely the 
paired difference-of-means test. The applica- 
tion of this technique to the 1981 Boston 
audits reveals extremely high levels of dis- 
crimination. On average, for example, black 
auditors are invited to inspect 36.3 percent 
fewer apartments than their white team- 
mates. Discrimination of this magnitude 
constitutes a serious social problem and cries 
out for stronger government action. 

Fair housing audits also provide an unpre- 
cedented opportunity to study discrimina- 
tory behavior. In the Boston audits, racial 
discrimination in housing generally does not 
vary with the characteristics of the black 
auditor or the characteristics of the housing 
agent, although in actually showing houses 
for sale, it is stronger against lower-income 
blacks and black families with children. On 
the other hand, discrimination does vary by 
location, with high discrimination in white 
areas and no discrimination in some areas 
undergoing racial transition. These results 
indicate that the primary cause of racial 
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discrimination in housing is that housing 
agents illegally promote their economic in- 
terests by catering to the racial prejudice of 
their current or potential white customers. 


APPENDIX 


To derive the GLS procedure, rewrite 
equation (1) in matrix form: 
(A1) A=RB +e, 
where E(e)=0, E(ee’)=07Q, and Q is a 
symmetric, positive definite matrix. Now 
place visits for teammates next to each other. 


Then Q has the following 2 x2 blocks on the 
diagonal, zeroes elsewhere; 


_{1 0 
a [D 1 | 
The GLS estimator is based on a matrix Q 


such that Q’0=Q71. With audits, Q is a 
block diagonal matrix with Z replaced by 


(A2) 


Wr Wo 
(A3) ae E n 
N 1 1 p 1 
where w= 5 Vey) y 


Equation (A3) defines a special case of Marc 
Nerlove’s (1971) estimator. 

To employ (A3), one must estimate p from 
the residuals of an OLS regression. With an 
estimated p, GLS is consistent and asym- 
ptotically efficient (see Thomas Fomby, 
R. Carter Hill, and Stanley Johnson, 1984, 
ch. 8), but second-stage observations for 
teammates are not independent and half the 
degrees of freedom are consumed. Second, 
one must premultiply A and R by Q. This 
matrix multiplication replaces an auditor’s 
value for each variable, V, with a weighted 
average of that auditor’s value and her team- 
mate’s value: 
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where i’ denotes the teammates’ visit. Ap- 
plying OLS to the transformed variables 
yields the GLS estimator (Johnston, ch. 7). 


REFERENCES 


Courant, Paul N., “Racial Prejudice in a Search 
Model of the Urban Housing Market,” 
Journal of Urban Economics, July 1978, 5, 
329-45. 

Farley, Reynolds, Bianchi, Suzanne and Col- 
asantro, Diane, “Barriers to the Racial 
Integration of Neighborhoods: The De- 
troit Case,” Annals of the American 
Academy of Political and Social Science, 
January 1979, 441, 97-113. 

Feins, Judith D. and Bratt, Rachael G., “Barred 
in Boston: Racial Discrimination in Hous- 
ing,” APA Journal, Summer 1983, 344-55. 

, and Hollister, Robert, “Final 
Report of a Study of Racial Discrimina- 
tion in the Boston Housing Market,” Abt 
Associates, November 1981. 

Fomby, Thomas B., Hill, R. Carter and Johnson, 
Stanley R., Advanced Econometric Methods. 
New York: Springer-Verlag, 1984. 

Hakken, Jon, Discrimination Against Chicanos 
in the Dallas Rental Housing Market: An 
Experimental Extension of the Housing 
Market Practices Survey, Washington: U.S. 
Department of Housing and Urban 
Development, 1979. 

Holshouser, William, “Final Report of a Study 
of Racial Discrimination in Two Boston 
Housing Markets,” Abt Associates, 1984. 

James, Franklin J., McCummings, Betty L. and 
Tynan, Eileen A., “Discrimination, Segrega- 
tion, and Minority Housing Conditions in 
Sunbelt Cities: A Study of Denver, Hous- 
ton, and Phoenix,” Center for Public- 
Private Sector Cooperation, Graduate 
School of Public Affairs, University of 
Colorado-Denver, 1983. 

Johnston, J. Econometric Methods, 2nd ed., 
New York: McGraw-Hill, 1972. 

Mundlak, Yair, “On the Pooling of Time Series 








YINGER: RACIAL DISCRIMINATION 893 


and Cross Section Data,” Econometrica, 
January 1978, 46, 69-85. 

Nerlove, Mare, “A Note on Error Compo- 
nents Models,” Econometrica, March 1971, 
39, 383-96. 

Schafer, Robert, “Racial Discrimination in the 
Boston Housing Market,” Journal of Urban 
Economics, April 1979, 6, 176-96. 

and Ladd, Helen F., Discrimination in 
Mortgage Lending, Cambridge: MIT Press, 
1981. 

Schuman, Howard, Steeh, Charlotte and Bobo, 
Lawrence, Racial Attitudes in America, 
Cambridge: Harvard University Press, 
1985. 

Simonson, John C. and Wienk, Ronald E., “Ra- 
cial Discrimination in Housing Sales: An 
Empirical Test of Alternative Models of 
Broker Behavior,” unpublished manu- 
script, 1984. 

Simpson, George E. and Yinger, J. Milton, Ra- 
cial and Cultural Minorities: An Analysis 
of Prejudice and Discrimination, 5th ed., 
New York: Plenum Press, 1985. 

Wienk, Ronald E. et al., Measuring Discrimina- 
tion in American Housing Markets: The 
Housing Market Practices Survey, Wash- 
ington: U.S. Department of Housing and 
Urban Development, 1979. 

Yinger, John, “Prejudice and Discrimination 
in the Urban Housing Market,” in P. 
Mieszkowski and M. Straszheim, eds., 
Current Issues in Urban Economics, Bal- 
timore: Johns Hopkins University Press, 
1979. 

, “Measuring Racial and Ethnic Dis- 
crimination with Fair Housing Audits: A 
Review of Existing Evidence and Research 
Methodology,” paper submitted to the 
HUD Conference on Fair Housing Test- 
ing, Washington, D.C., December 6-7, 
1984, 

Boston Redevelopment Authority, Boston Popu- 
lation and Housing by Neighborhood Area, 
1980 (Demographic Information from the 
U.S. Bureau of the Census) September 
1983. 





The Winner’s Curse and Public Information 
in Common Value Auctions 


By JOHN H. KAGEL AND DAN LEVIN* 


Experienced bidders show sensitivity to the strategic considerations underlying 
common value auctions, but not to item valuation considerations. Auctions with 
large numbers of bidders (6-7) produce more aggressive bidding than with small 
numbers (3-4), resulting in negative profits, the winner’s curse. Providing public 
information about the value of the item increases seller revenue in the absence of a 
winner’s curse, but produces the contrary result in its presence. 


Common value auctions constitute a mar- 
ket setting in which participants may be 
particularly susceptible to judgment failures 
that affect market outcomes. In a common 
value auction, the value of the auctioned 
item is the same to all bidders. What makes 
the auction interesting is that bidders are 
unaware of the value of the item at the time 
the bids are placed. Mineral lease auctions, 
particularly the federal government’s outer 
continental shelf (OCS) oil lease auctions, 
are common value auctions. There is a com- 
mon value element to most auctions. Bidders 
for an oil painting may purchase for ‘their 
own pleasure, a private value element, but 
they may also bid for investment and even- 
tual resale, reflecting an uncertain common 
value element. 
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Judgmental failures in common value auc- 
tions are known as the “winner’s curse.” 
Assume that all bidders obtain unbiased 
estimates of an item’s value and that bids are 
an increasing function of these estimates. 
The high bidder then tends to be the one 
with the most optimistic estimate of the 
item’s value. Unless this adverse-selection 
problem is accounted for in the bidding pro- 
cess, it will result in winning bids that pro- 
duce below normal or even negative profits. 
The systematic failure to account for this 
adverse selection problem is referred to as 
the “winner’s curse.” 

Oil companies claim they fell prey to the 
winner’s curse in early OCS lease sales 
(E. C. Capen, R. V. Clapp, and W. M. 
Campbell, 1971; John Lorenz and E. L. 
Dougherty, 1983; and references cited there- 
in). Similar claims have been made in auc- 
tions for book publication rights (John Des- 
sauer, 1981) in professional baseball’s free 
agency market (James Cassing and Richard 
Douglas, 1980) and in corporate takeover 
battles (Richard Roll, 1986). Economists 
typically treat such claims with caution as 
they imply that bidders repeatedly err, in 
violation of basic notions of economic ra- 
tionality. This caution is justified given the 
inherent problems in interpreting field data, 
self-serving motives of many of the claim- 
ants, and the general absence of conven- 
tional statistical tests documenting these 
claims. However, common value auction ex- 
periments using financially motivated, but 
inexperienced, subjects demonstrate a strong 
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and nearly ubiquitous winner’s curse which 
continues to significantly depress profits after 
as many as 15-20 auction periods (Kagel 
et al., 1986). 

It is one thing to find that inexperienced 
bidders commit a winner’s curse. It is another 
to find that experienced bidders do the same. 
Here we report the results of common value 
auction experiments with experienced sub- 
jects, survivors of one or more initial series 
of experiments. With continued experience, 
bidders’ judgment improve. In auctions in- 
volving a limited number of competitors (3—4 
bidders), average profits are consistently 
positive and closer to the Nash equilibrium 
bidding outcome than to the winner’s curse 
hypothesis: behavior consistent with tradi- 
tional notions of the effects of repeated ex- 
posure to market conditions, in conjunction 
with profit incentives and survival pressures. 
However, learning is situationally specific as 
bids are found to be an increasing function 
of the number of rivals faced, in clear viola- 
tion of risk-neutral Nash equilibrium bid- 
ding theory under our design. This contrib- 
utes to a reemergence of the winner’s curse, 
with bankruptcies and negative profits, in 
auctions with large numbers (6-7) of bid- 
ders. 

-Just as Nash equilibrium bidding theory 
predicts, experimental manipulations provid- 
ing public information reducing uncertainty 
about item value reliably result in higher 
winning bids and increased seller’s revenues 
in the absence of a winner’s curse. However, 
in the presence of a winner’s curse, this same 
public information generates lower average 
winning bids and reduced seller’s revenues. 
The differential response to public informa- 
tion conditional on the presence or absence 
of a winner’s curse has practical implications 
which have largely gone unrecognized in the 
literature. 

The paper is organized as follows. Section 
I describes the structure of the experiments. 
Section JI characterizes the Nash equi- 
librium bidding strategies for the auction, 
provides a formal definition of the winner’s 
curse, and states the research hypotheses that 
guided our investigations. The results of the 
experiments are reported and discussed in 
Section III. Section IV extends the analysis 


KAGEL AND LEVIN: COMMON VALUE AUCTIONS 895 


to field settings where our experimental re- 
sults help explain a puzzling outcome of 
OCS lease sales: namely, that public infor- 
mation reducing item uncertainty increased 
bidder’s profits, just as observed in our 
laboratory experiments in the presence of a 
winner’s curse. A concluding section sum- 
marizes our research results and poses ques- 
tions for further research. 


I. Structure of the Auctions 
A. Basic Auction Structure 


Subjects were recruited for two-hour ses- 
sions consisting of a series of auction peri- 
ods. In each auction period, a single unit of 
a commodity was sold to the high bidder at 
the high-bid price, with bidders submitting 
sealed bids for the item (a first-price, sealed- 
bid procedure). The high bidder earned prof- 
its equal to the value of the item less the 
amount bid; other bidders earned zero prof- 
its for that auction period. 

In each auction period, the value of the 
item, xọ, was drawn randomly from a uni- 
form distribution on the interval [x,x]. Sub- 
jects submitted bids without knowing the 
value of x. Private information signals, x,, 
were distributed prior to bidding. The x, 
were randomly drawn from a uniform distri- 
bution centered on x9 with upper bound 
Xo + £ and lower bound x, — e. As such, the 
x; constitute unbiased estimates of the value 
of xọ (or could be used to compute unbiased 
estimates in conjunction with the endpoint 
values x,x). Given x;, € and the endpoint 
values, each bidder could compute an upper 
and lower bound on the value of x9; these 
were min {x,;+e,x} and max {x;— £x}, 
respectively. The bounds associated with a 
given x; were computed and reported along 
with the x;. 

The distribution underlying the signal val- 
ues, the value of «, and the interval [x,x] 
were common knowledge. The value of e 
varied across auctions (see Table 1). All 
changes in € were announced and posted. 
With signal values drawn independently 
relative to Xp, they satisfy the criteria of 
strict positive affiliation (Paul Milgrom and 
Robert Weber, 1982) which, roughly speak- 
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TABLE 1— EXPERIMENTAL CONDITIONS? 


Subject 

Auction Population Market 

Series (no. starting exp.) Period E 

1 Texas A&M 1-18 $12 $15 
Undergraduates 

(5) 

2 Texas A&M 1-18 $12 $15 

Undergraduates 
(4) 

3 U. Houston 1-8 $12 
Graduate/Senior 9-17,24-25 $18 $25 
Undergraduates 18-23 $30 

(7) 

4 U. Houston 1-6 $12 
Graduate/Senior 7-14 $18 $25 
Undergraduates 15-25 $30 

(8) 

5 U. Houston 1-9 $12 
Graduate/Senior 10-15,24-26 $18 $25 
Undergraduates 16-23 $30 

(9) l 

6 U. Houston 1-5 $12 
Graduate/Senior 6-16,28-31 $18 $25 
Undergraduates 17-21 $24 

(4) 22-27 $30 

7 U. Houston 1-5 $12 
Graduate/Senior 6~13,26-32 $18 $25 
Undergraduates 33-37 $24 

(6) 14-25 $30 . 

8 U. Houston 1-6 $12 $30 
Graduate/Senior 7-16 $18 
Undergraduates 17-23 $30 

(7) 
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Number 
Active 
Public Bidders 
Information? (market 
x (market periods) periods) Experience 
$100 Random signal 5(1-18) First-price 
(10-18) common value 
$100 Random signali 4(1-18)  First-price 
(10-18) common value 
Low signal 71-4)  Second-price 
$225 (12-25) 6(5-6) common value, 
5(7-11) some first-price 
4(12--25) common value 
Low signal 71-10) Second-price 
$225 (8-25) 6(11-25) common value, 
some first-price 
common value 
Low signal 11-26) First and 
$225 (1-26) 11-26) Second-price 
: common value 
Low signal 41-11) First and 
$225 (9-31) 4(1-11) Second-price 
3(12-31) common value 
Low signal 41-19) First and 
$225 (9-32) 6(20-37) Second-price . 
common value 
$500 None 4(1-23)° First-price 
710-23) common value, 
some private 
value 


aStarting balances were $8 in experiments 1 and 2, $10 in all others. 

Profits were earned in markets with both public and private information in experiments 1 and 2; in only one 
market in experiments 3-8. The market paying profits was determined by a coin flip in experiments 3-8. 

“Period 10 on involved a bidding in two markets with 4 subjects bidding first in a “small” market and all 


7 subjects bidding in a “large” market. 


ing, requires that large values for a given 
signal make it more likely that rivals signal 
values, and xo, are large rather than small. 
Bids were restricted to be nonnegative and 
rounded to the nearest penny. After all bids 
were collected, they were posted on the 
blackboard in descending order next to the 
corresponding signal values, x ) was an- 
nounced, subjects’ profits were calculated, 
and balances were updated.’ Earnings of the 


1Yn auction series 1 and 2, the top three bids were 
posted, and the signal values underlying the bids were 
not revealed. 


high bidder were also announced, but his/her 
identity was not. The x, values and the 
associated signal values were all determined 
randomly strictly according to the process 
described to the subjects. 

To cover the possibility of losses, sub- 
jects were given starting balances of $8.00 in 
auction series 1-2, and $10.00 in series 
3-8. Profits and losses were added to this 
balance. If a subject’s balance went nega- 
tive, he was no longer permitted to bid; he 
was paid the $4.00 participation fee and 
free to leave the experiment. The auction 
survivors were paid their end of experiment 
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balance in cash, along with their partici- 
pation fee.” 

Given the information structure and un- 
certainty inherent in common value auc- 
tions, negative profits will occasionally be 
realized even if the market immediately locks 
into the risk-neutral Nash equilibrium out- 
come. The starting capital balance served to 
account for this possibility, and to impose 
clear opportunity costs on overly aggressive 
bidding. Balances were set so that: (i) sub- 
jects could commit at least one gross bidding 
error, learn from their mistake, and still have 
a large enough balance to actively par- 
ticipate in the auctions, and (ii) conservative 
bidders who were shut out from winning by 
overly aggressive counterparts would earn a 
reasonable return for participating. 


B. Auctions with Public Information 


Approximately one-third of the way 
through auction series 1-7, we introduced 
bidding in two separate auction markets 
simultaneously. Bidding in the first auction 
market continued as before under private 
information conditions. After these bids were 
collected, but before they were posted, we 
introduced a public information signal and 
asked subjects to bid again. (Subjects re- 
tained their original private information sig- 
nals; no new private information signals were 
distributed.) We employed two types of pub- 
lic information signals. In series 1 and 2, we 
randomly drew an additional signal, x;, from 
the interval [x  — £, Xo + £], and posted it. In 
series 3—7, the lowest of the private informa- 
tion signals distributed, x,, was posted. Bid- 
ders were always accurately informed of 
whether the public information signal was 
random or the lowest private information 
signal. 

Profits were paid (or losses incurred) in 
only one of the two auction markets, de- 
termined on the basis of a coin flip after all 


Series 1 and 2 had a $3 participation fee. Many 
subjects in series 3-7 had signed a contract to par- 
ticipate in 3 different auction series, for which they were 
paid a single participation fee of $25 at the end of the 
last series. š 
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bids were collected.” Subjects were told that 
they were under no obligation to submit the 
same or different bids in the two markets, 
but should bid in a way they thought would 
“maximize profits.” All bids from both 
markets were posted along with the corre- 
sponding private information signals. 

The dual market bidding procedure, in- 
volving the same set of bidders with the 
same item value and the same set of private 
information signals, has the advantage of 
directly controlling for between subject vari- 
ability and extraneous variability resulting 
from variations in item value and private 
information signals. Some critics have mis- 
takenly concluded that the procedure in- 
volves a “portfolio” problem so that the 
optimal bid in one market affects bids in the 
other market. This conclusion is unwar- 
ranted, however. There is no way that bids 
in the private information market can be 
used to hedge bids in the public information 
market any more than bids in the private 
information market in period ¢ can be used 
to hedge bids in the private information 
market in period ¢+1. In analyzing each 
member of a set of auctions, t =1,2,...,T7, 
as a single-shot auction (which we do below), 
we are assuming that the utility function is 
intertemporally separable in profits from the 
auction, U = L7_,u(II,). Similarly we are as- 
suming separability in bidding between the 
dual markets. The breakdown of the sep 
arability assumption in either case (for ex- 
ample, U=u(i;_,I1,)) has comparable im- 
plications, namely no effect in the case of 
risk-neutral bidders, while risk-averse bid- 
ders will tend to be less risk averse than 
under separable preferences, as they can rely 
on the law of large numbers to smooth the 
variance in profits across auctions. 

Of course, it is another matter entirely 
whether bidders actually bid as if their pref- 
erences are separable between the dual 
markets or over time. Experiments 1 and 2 


_ explicitly tested for separability, holding e 


constant throughout and having a relatively 


3 Once again, series 1 and 2 involved an exception to 
these procedures as profits and losses were computed 
and paid in both the public and private information 
markets. 
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large number of private information auc- 
tions (9) before introducing dual markets. 
Regression analysis using dummy variables 
showed no systematic response to bids in the 
private information market under the dual 
market procedure.* Similar tests, conducted 
in a related series of first-price auctions, 
showed no systematic effects in going from 
private information markets only to dual 
markets with public information, and from 
dual markets to markets with public in- 
formation only (Kagel, Ronald Harstad, and 
Levin, 1986). Bid patterns over time are pre- 
sented in reporting our results. 


C. Varying Numbers of Bidders 


A number of tactics were employed to 
study the effects of varying the number of 
bidders. Auction series 1-6 used a between- 
groups design with different series having 
different numbers of active bidders. In 
pursuit of this objective, series 4 and 5 had 
more subjects than active bidders, in order 
to control for bankruptcies, with a simple 
rotation rule to determine which subjects 
would be active in any given auction period. 
Variations in the number of active bidders 
in these series (see the eighth column in 
Table 1) resulted from bankruptcies. 

Auction series 7 and 8 involved planned 
variations in the number of active bidders. 
Series 7 employed a crossover design, start- 
ing with 4 active bidders rotating among a 
set of 6 total bidders. In auction period 20, 
the rotation procedure ceased, and all 6 bid- 


‘The bid function had the form b; = a + ax; + 
a, Y, as suggested by equation (2), where a; were con- 
stants to be estimated (e was constant in these auctions). 
The function was fit to individual subject data for 
signals in the interval (1), and a dummy variable added 
to account for simultaneous bidding in’ two auctions. 
Combining independent t-tests on the dummy variable 
coefficient using the z statistic suggested in Ben Winer 


(1971, p. 50), we were unable to identify any systematic . 


effects associated with simultaneous bidding (z= 
— 124). 


>For example, with 9 subjects and 7 active bidders, ; 


in period 1, subjects 1-7 were active; in period 2, 
subjects 2-8 were active, etc. Inactive subjects received 
signals and bid, but these bids were discarded (the latter 
was common knowledge). 
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ders were active in the remaining auction 
periods. Auction series 8 employed a within- 
subjects design, starting out with 4 active 
bidders rotating between 7 total bidders. In 
auction period 10, dual market bidding pro- 
cedures similar to those used to study the 
effects of public information were intro- 
duced; only numbers of active bidders varied 
between markets. We refer to the different 
market sizes here as series 7 and 8 small, and 
7 and 8 large. Auction series 3 involved a 
large unplanned variation in number of ac- 
tive bidders due to bankruptcies in early 
auction periods. Our analysis distinguishes 
between these early auction periods with 5 
or more active bidders (series 3 large), and 
the later periods with 4 active bidders (series 
3 small), as market outcomes were distinctly 
different between the two situations. 


D. The Experience Factor 


All auctions employed experienced sub- 
jects. In series 1 and 2, all subjects had been 
in one earlier first-price common value auc- 
tion series using similar design parameters 
(see Kagel et al., 1986, auction series 4—6). 
These earlier auctions all began with 6 active 
bidders, but as a result of bankruptcies ended 
with 3-5 bidders. Recruitment into these 
experiments was restricted to subjects who 
had not gone bankrupt in the initial auction 
series. 

Auction series 3-8 are numbered in chro- 
nological order as they involved a common 
core of subjects, recruited in varying combi- 
nations, in the different series. Thirteen of 
the 15 bidders in series 3 and 4 had par- 
ticipated in an earlier series of second-price 


© Using a single set of private information signals and 
a single true value, x9, 4 subjects first bid in a small 
market. Then, before these bids were opened, all 7 
subjects bid in a large market. The 4 subjects in the 
small market continued to be determined through rota- 
tion, and bids only counted in one of the two markets 
using a coin flip rule. Raymond Battalio, Cari Kogut, 
and Donald Meyer (1983) report tests of the separabil- 
ity assumption underlying the dual market technique in 
private value auctions with varying numbers of bidders. 
They found no systematic biases associated with the 
dual market technique. 
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common value auction experiments with 
similar design parameters. (The distinguish- 
ing characteristic of these second-price auc- 
tions was that the high bidders earned the 
item and paid the second-highest bid price.) 
Most of these subjects had been in two or 
more second-price series, at least one of 
which involved 6-7 active bidders through- 
out. The two remaining subjects had been in 
a first-price common value series involving 
5-6 active bidders throughout (Kagel et al., 
1986, auction series 11). Seven of the 9 sub- 
jects in series 5 were recruited from series 3 
and 4, with the remaining 2 having extensive 
second-price experience. All 6 bidders in 
series 7 had been in both auction series 3 
and 5, or 4 and 5. Three of the 4 bidders in 
series 6 had been in series 4, with the fourth 
bidder having been in series 3 and 5. Series 8 
was conducted several months after the 
others and involved 3 veterans of series 7, 
2 from series 6, and 2 bidders with exper- 
ience in first-price auctions with positively 
affiliated private values (Kagel, Harstad, and 
Levin). Several subjects in this series had 
gone bankrupt in their initial common value 
auction series, but were included provided 
the bankruptcy occurred after a fair number 
of auction periods (15 or more periods was 
the rule of thumb employed).’ Subjects were 
recruited into later series in this sequence 
without regard to performance earlier in the 
sequence. 


Ii. Theoretical Considerations 
A. Private Information Conditions 


1. The Nash Equilibrium. The most common 
equilibrium bidding model in the economic’s 
literature is that of a noncooperative Nash 
equilibrium with risk-neutral bidders (here- 
after RNNE). Robert Wilson (1977) was the 
first to develop a Nash equilibrium solution 
for first-price common value auctions, while 


TIn a private value auction, bidders know their value 
for the item with certainty, but only the distribution of 
their rivals’ values. Under the first-price rule, the high 
bidder wins the item and earns profits equal to his 
private value less the bid price; others earn zero profits. 
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Milgrom and Weber provide some signifi- 
cant extensions and generalization of the 
Wilson model. - 

We restrict our analysis in the text to 
signals in the interval 


(1) X+e<x,<x-8. 


The optimal bid function in this interval is, 
of course, affected by the bid function in the 
interval x; <x +, which in turn is affected 
by the added information associated with 
the end-point value, x. Assuming risk neu- 
trality on bidder’s part, the Nash equi- 
librium bid function for signals in (1) is 


(2) b(x,) =x,-e+¥, 


where Y= [2e/(N + l)lexp[—(N/2e)(x; - 
(x + e))] and N stands for the number of 
active bidders in the market. Y contains a 
negative exponential, and diminishes rapidly 
as x; moves beyond x + e. 

Under (2), expected profits for the high 
bidder are 


(3) E[W|w]=2e/(N+1)-Y. 


In addition, the model predicts that the high 
signal holder always wins the auction. This 
follows directly from the assumption that all 
bidders use the same bid function, the only 


8For x; <x+ e, the RNNE bid function is 
b(x;) =x+(x, + e-x)/(N 41) 


and yields zero expected profits. This equilibrium bid 
function is obtained from Wilson (1977) under the 
initial condition b(x;)=x for x;=x—e. The initial 
condition for the bid function in (2) exploits continuity 
in the bid function at the junction point x; =x+ e. For 
x;>x— g, the optimal bid function defies analytic solu- 
tion. For observations in this interval, we employ the 
bid function (2) in comparing performance with the 
RNNE model. This tends to overstate the RNNE bid, 
hence underestimate the discrepancy between actual 
and predicted bids. Since the bias is small, and favors 
the null hypothesis, correcting for it will not change the 
conclusions reached. These bid functions are explicitly 
derived in Kagel et al. (1984). 


PA 
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difference being their private information, 
X; regarding the value of the item.? 

Accounting for risk aversion on bidder’s 
part complicates the model’s predictions, as 
equilibrium bids can lie to either side of the 
RNNE prediction, depending upon the form 
of the utility function and the degree of risk 
aversion assumed. We do not pursue these 
extensions here, as they appear secondary to 
understanding the experiments’ outcomes.!° 
Note that under the RNNE there is no 
winner’s curse as bidders fully account for 
the adverse-selection problem in determining 
their bids. The RNNE bidding model pro- 
vides a convenient benchmark against which 
to compare the experiments’ outcomes. 


2. Judgmental Failures: The Winner’s Curse. 
In common value auctions, bidders usually 
win the item when they have the highest, or 
one of the highest, estimates of value. Under 
these conditions an unbiased estimate of 
value, E[x9|x;,), is biased as 
E[x9|x,]>E[x]X;=x,] for N>1 
where E[x9|X;=x,] is the expected value 
conditional on having the highest private 
information signal. Assuming that the highest 
signal holder always wins the auction and 
risk neutrality, or risk aversion, bids in ex- 
cess of E[x9|X;= x,] will insure negative 
profits on average, and can only result from 
failure to recognize the adverse-selection 
problem inherent in winning the auction. 
Since we have no reason to assume risk 


>The model can be generalized to account for both 
private value and common value elements (see Wilson, 
1981, for example). In this case, the high signal holder 
does not always win the item, even assuming identical 
bidding strategies. Undoubtedly, actual auction sales, 
even OCS lease sales, contain both private and common 
value elements. Developments in Section III suggest 
that the Nash equilibrium model must be generalized to 
account for individual differences in risk attitudes 
and/or information-processing capacities, as well as 
simple random errors on bidder’s part. Developing and 
testing such a model lies beyond the scope of the 
present paper. 

10Milgrom and Weber, section 8, and Steven Mat- 
thews (1986) develop some results for risk-averse bid- 
ders. 
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loving, and the highest signal holder usually 
wins the auction, bids in excess of E[x9|X; 
= xı} will be attributed to such judgmental 
failures, and will be referred to as the 
winner’s curse. 

For signal values in the interval (1), 


(4) Elxolx,] =x; 
(5) Elx X; =x] =x,-e(N-1)/(N +1). 


Avoiding the winner’s curse requires consid- 
erable discounting of bids relative to signal 
values.!? Further, the size of the discount is 
an increasing function of both N and e. 

In first-price sealed-bid auctions, strategic 
considerations generally dictate discounting 
of bids relative to the expected value of the 
item. Strategic discounting results strictly 
from known dispersion in rivals’ values. It is 
informative to compare the bid function (2), 
and the size of the discount in (5), with 
strategic discounting based on the dispersion 
in the x, values. Suppose that bidders com- 
pletely ignore the adverse-selection problem 
inherent in the auction, employing (4) to 
compute the expected value of the item: they 
act as if they are in an auction with posi- 
tively affiliated private values, where the x; 
represents the value of the item to bidder i, 
and values are independently distributed over 
the interval (1). Under risk neutrality, the 
bid function here is 


(6) B(x) =x,-(2e/N)+(¥/N), 


HResults from private value auction experiments 
generally support an assumption of risk neutrality or 
risk aversion (James Cox, Bruce Roberson, and Vernon 
Smith, 1982; Kagel, Harstad, and Levin). 

12 The size of the discount seems remarkably large, 
particularly for larger N’s. To get an idea of the ad- 
verse-selection bias involved here, compared to alterna- 
tive distributions, we normalize it in terms of the stan- 
dard error of the underlying distribution. For x; in (1) 
the standard error of the uniform distributions is o = 
2e/V12. From (5), knowing that your estimate is the 
maximum of N such estimates, means that it is biased 
upwards by the amount V12 (N —1)0/2(N +1). For 
N= 2-8, the resulting bias is quite similar to what 
would be found if the x; were normally distributed 
around xo. 

13 Kagel, Harstad, and Levin experimentally investi- 
gate first-price sealed bid auctions with positively affili- 
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where the expression Y is the same as in (2) 
above. 

Comparing equation (5) with (6) shows 
that strategic discounting produces a win- 
ner’s curse whenever N>3. Further,’ Stra- 
tegic considerations (6), item valuation con- 
siderations (5), and the RNNE bid function 
(2) all call for greater discounting of bids 
relative to signal values with increases in e.'4 
Since evidence from private value auctions 
shows bidders to be sensitive to the strategic 
considerations inherent in these auctions 
(James Cox, et al.; our 1985 paper), we 
expect bidders to be sensitive to variations 
in e. 

However, with increasing numbers of bid- 
ders, equations (2), (5), and (6) give con- 
flicting directions. Differentiation of (6) 
shows that strategic considerations require 
higher bids in the presence of more rivals as 
signal values are more congested. Item val- 
uation considerations as expressed in (5) re- 
quire less aggressive bidding as the adverse- 
selection problem becomes more severe. The 
net effect of these two forces, expressed in 
the RNNE bid function, is for bids to re- 
main constant or decrease in the presence of 
more rivals.! This conflict between item val- 
uation and strategic considerations suggests 
that structural variations in numbers of bid- 
ders is critical to determining whether expe- 
rienced bidders learn to avoid the winner’s 
curse in small groups out of a trial and error 
survival process that is situationally specific, 
as opposed to “understanding” the adverse- 
selection problem as it applies to new sit- 
uations. If the survival process results in 


ated private values, where private values were generated 
using exactly the same procedures generating the x; 
values here. Equation (6) corresponds to the bid ‘func- 
tion developed there. Note, these private value experi- 
ments show bids commonly in excess of (6) with N = 6. 

14Tn addition, an increase in e increases the variance 
associated with the naive expectation (4). Thus to the 
extent that bidders are generally risk averse and bid 
more cautiously in the face of increased risk, but are 
poor Bayesians so that they continue to employ the 
naive expectation (4), they will respond correctly (at 
least directionally) to changing e. 

15 Differentiation of (2) with respect to N shows the 
Y term to require lower bids in the presence of more 
rivals. 
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generalized learning (one interpretation of 
optimality via survival arguments in eco- 
nomics), behavior in both large and small 
groups should show comparable deviations 
from’ the RNNE reference point.!6 However, 
in the absence of generalized learning, be- 
havior is likely to be markedly different, to 
the extent that the winner’s curse, having 
been largely or entirely eliminated in small 
groups, will reemerge with increases in group 
size. 


B. Effects of Public Information 


1. The Nash Equilibrium. Extensions of the 
common value auction model show that pub- 
lic information reducing item valuation un- 
certainty will increase average seller’s rev- 
enues (reduce bidder’s profits) under the 
RNNE (Milgrom and Weber). This holds 
even though public information signals of 
the sort employed here, x,, will on average 
lie below the maximum private information 
signal, x,. The economic forces at work here 
are roughly as follows: On average, 


E[xo|X,= x] = E[xolX,=™, X] 


for the bidder actually holding the highest 
private information signal, x,. (All symmet- 
ric, noncooperative Nash equilibria involve 
agents bidding as if x;=x,, since their bid 
only “counts” when this presumption is 
satisfied.) However, due to the affiliation of 
the signal values, for bidders whose private 
information signals x; < x,, the public infor- 
mation signal will, ex post, raise the average 
expected value of the item. This will induce 
an upward revision of these bids, which in 


16An earlier reader of this paper argued that optimal- 
ity by survival arguments implied “correct” responses 
under all possible states of the world, as survivors had 
experienced all relevant states and had learned to adapt 
to them. While acknowledging the validity of this in- 
terpretation, it seems to rob the survival argument of 
empirical content as: 1) the survival process would 
never be complete as real economies are repeatedly 
subject to changing conditions and changes in the set of 
agents, and 2) there would be no role left for economic 
theory in terms of understanding behavioral processes 
or in predicting responses to novel economic conditions. 
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turn puts pressure on the bidder with the 
highest private information signal, x,, to bid 
more out of strategic considerations. 

As an experimental device, the use of the 
low private information signal, x,, as the 
public information signal has several ad- 
vantages. First, the RNNE bid function with 
public information is readily solved analyti- 
cally with x,. Second, x, provides a sub- 
stantial amount of information concerning 
the location of x9, and the signal values 
rivals are likely to have. For signals in the 
interval (1), 


(7) E[xolX, = Xis X, = xz] =(x,+ x;)/2 


provides a sufficient statistic for the value of 
Xo given the set of private information sig- 
nals distributed, under the presumption that 
x, = X,. From (7), it is clear that announcing 
x, should reduce the average spread in be- 
liefs about the underlying value of the item 
between any two bidders by one-half. Under 
private information conditions, a similar re- 
duction in beliefs would require halving e, as 
this halves the average spread between any 
two private information signals (as well as 
the spread in expected values under (5)). 
Thus, announcing x, induces strong com- 
petitive pressures on the high bidder and 
translates into relatively large increases in 
seller’s revenues, or reduced bidder’s profits 
(see equation (9) below), while still maintain- 
ing an interesting auction. 

The RNNE bid function with, public in- 
formation, xz, and private information sig- 
nals in the interval (1) is?!’ 





(8) b(x;,x,)=x,+ Sarl 
z 
N (N-2) 


“N-D E NyA 


1For x, in the interval (1), the RNNE equilibrium 
bid function is obtained under the initial condition that 
b(x,) = xz. Note that e is not explicitly represented in 
(8). However, the average difference (x; + x,)/2—- xz, 
depends directly on e. 
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Expected profits are substantially diluted, 
being 


(9) E[TW, X] =e/(N +1). 


This is a little more than one-half of the 
expected profits under private information 
conditions (3). 

With risk aversion we cannot unambigu- 
ously determine whether public information 
will increase or decrease average seller’s rev- 
enues (Milgrom and Weber). The impact 
depends upon the particular form of the 
utility function assumed, the degree of risk 
aversion displayed, and the extent to which 
public information dilutes private informa- 
tion differences. Nevertheless, we would an- 
ticipate that under most plausible scenarios, 
the relatively large dilution of private infor- 
mation differentials inherent in releasing x,, 
would cause seller’s revenues to increase, or 
at least not to decrease. 


2. Judgmental Failures: The Winner’s Curse. 
The judgmental error underlying the winner’s 
curse consists of the high bidder’s systematic 
overestimation of the item’s value. To the 
extent that the magnitude of these judgmen- 
tal errors decreases as the uncertainty con- 
cerning the value of the item decreases, pub- 
lic information will result in a downward 
revision in the most optimistic bidder’s val- 
uation of the item. This introduces a poten- 
tially powerful offset to any strategic forces 
tending to raise bids.! This effect is well 
illustrated through extending the notion of 
strategic discounting to auctions with public 
information, and comparing the resultant 
discount function with (6). 


18Note that unbiased random errors, even if they do 
not result in high bids in excess of E[xo|X,; =x], will 
not cancel out here in terms of their effects on seller’s 
revenues. This results from the auction selection mecha- 
nism whereby market outcomes overrepresent bids with 
upward biases, resulting in average bids in excess of the 
RNNE. Consequently, if public information reduces the 
magnitude of these item valuation errors, public in- 
formation will still result in a downward revision of the 
market price, which offsets the strategic forces promot- 
ing increased revenues. High bids in excess of E[x9|X; 
= xı} can constitute an extreme form of these errors 
and/or a systematic tendency, on at least some bidder’s 
part, to overestimate the item’s value. 
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Under strategic discounting, we continue 
to assume that bidders employ naive expec- 
tations to determine the value of the item, to 
the point that they ignore the positional 
information inherent in announcing x,, and 
act as if they are in a private value auction. 
For x; and x, in the interval (1), a naive 
expectation of x, is the same as (7): 


(10) E[xolx,,x,] = (x,+x,)/2. 


Consequently, under risk neutrality, the 
strategic discount function and the RNNE 
bid function (8) coincide here. Note that this 
follows directly from the fact that the naive 
(10) and sophisticated expectations (7) coin- 
cide. In markets with private information, 
the two bid functions differ as the expec- 
tations differ. 

Comparing (6) with (8), b°(x;) > b(x;, xz) 
on average for all N > 3. In auctions where 
bidders employ naive expectations, but stra- 
tegic discounting, announcing x, will result 
in reductions in average seller’s revenues (in- 
creases in average bidder’s profits) with 3 or 
more bidders. Finally, given that previous 
experimental studies indicate sensitivity to 
the strategic implications inherent in auction 
markets, and the coincidence of the strategic 
bid function with the RNNE bid function, 
the RNNE model should provide a fairly 
good predictor of market performance with 
x, announced, irrespective of its predictive 
adequacy in comparable markets with private 
information only. 


C. Summary of Research Questions 
of Primary Interest 


We conclude this section by summarizing 
the research questions of primary interest in 
the form of hypotheses to be tested. 


HYPOTHESIS 1: Under private information 
conditions market outcomes for experienced 
bidders are observationally indistinguishable 
from the RNNE as (i) the high signal holder 
usually wins the auction, and (ii) prices do 
not deviate substantially or systematically from 
the RNNE prediction. 


HYPOTHESIS 2: Announcing x, the lowest 
private information signal, raises average 
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seller’s revenues by the average amount pre- 
dicted under the RNNE model. 


HYPOTHESIS 3: Under private information 
conditions, experienced bidders avoid the 
winner’s curse as average profits are closer to 
the RNNE level than the zero / negative profits 
predicted under the winner’s curse. 


HYPOTHESIS 4: Public information raises 
average seller’s revenue. 


HYPOTHESIS 5: Hypotheses 3 and 4 apply 
uniformly to experiments with small and large 
numbers of bidders. 


HYPOTHESIS 6: Bidders are sensitive to 
the strategic implications of the auctions so 
that when the strategic discounting model and 
the RNNE model coincide, the RNNE model 
provides a reasonable characterization of the 
data. 


Hypotheses 1 and 2 involve strong predic- 
tions, which if satisfied would imply satisfac- 
tion of all the other hypotheses as well. 
Hypotheses 3—5 involve weaker predictions 
which may be satisfied even though Hy- 
potheses 1 and 2, strictly interpreted, fail. 
Nevertheless confirmation of these weaker 
predictions would indicate that the RNNE 
model provided a reasonable “ballpark” 
characterization of behavior in general: that 
for experienced bidders, at least, the re- 
peated nature of market decision processes 
in conjunction with survival pressures and 
profit opportunities, eliminate the judgmen- 
tal failures underlying the winner’s curse. 
Further, conditional on the confirmation of 
Hypotheses 3-5, one of the key policy impli- 
cations of the theory, the revenue-enhancing 
effects of public information, would be rea- 
sonably accurate as well. 

Finally, Hypothesis 6 captures the notion 
that bidders in private value auction experi- 
ments have been shown to be sensitive to the 
strategic implications inherent in these auc- 
tions. Hence, we would expect the RNNE 
model to perform well here when its predic- 
tions coincide with strategic discounting. If 
Hypothesis 6 is satisfied, but Hypotheses 
1-5 are not, we have indirect evidence that it 
is the judgmental errors underlying the 
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winner’s curse that are responsible for the 
breakdown in the model’s performance. 


HI. Experimental Results 
A. Bidding Patterns with Private Information 


Figures 1-5 provide representative data 
for market outcomes over time. The rank of 
the high bidder’s signal value is shown at the 
top of each figure: 1 for the highest sig- 
nal value, 2 for the second highest, etc. 
Closed triangles show the difference between 
E|xo|X;=x,] for the high bidder and the 
high bid. A negative (positive) value here 
indicates that the high bid exceeded (fell 
below) E[x |X; = xı], implying negative 
(positive) expected profits should the high 
signal holder win the auction. Cross marks 
show actual profits earned, with closed circles 
showing profits predicted under the RNNE: 
cross marks below (above) closed circles in- 
dicate that the actual.bid exceeded (was less 
than) the RNNE prediction and by how 
much. Eyeballing the data, there appears to 
be little systematic variation in bids over 


time, within a given auction series, indepen- 
dent of variations in N and e. 

Table 2 provides summary statistics of 
auction outcomes.!® Columns 4—6 show, re- 
spectively, actual profits earned, profits pre- 
dicted under the RNNE, and profits earned 
as a percentage of the RNNE prediction. 
For comparative purposes, column 3 shows 
profits predicted under the strategic dis- 
counting formulation (profits predicted using 
the bid function 6, assuming that the highest 
signal holder always won the auction). The 
last two columns report the average fre- 
quency with which the high signal holder 
won the item, and the frequency with which 
the high bid exceeded E[x |X; = xj]. 


Our computations include all auctions under dual 
market procedures, regardless of whether bidders actu- 
ally made profits (or losses) as a consequence of our 
coin flip procedure. Since the coin flip was made after 
bids from both markets had been accepted, its outcome 
should not affect decisions. Experiments involving expe- 
rienced, as opposed to super-experienced, subjects had 
one or more dry runs with no money at stake. These 
auction periods are not included in the analysis. 
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The auction series were ordered by the 
number of active bidders, beginning with the 
small group experiments, as we kept drawing 
the same conclusion: there were substantial 
differences in the ability of the RNNE bid- 
ding model to provide a ballpark char- 
acterization of the data in auctions involving 
small numbers (3-4) of bidders compared to 


those with large numbers (6-7) of bidders. 
In auction series that began with small num- 
bers of bidders, one can observe bankrupt- 
cies (series 6) and some bidding in excess of 
E[xo9|X; = xı]. There was at least one large 
group series where average profits were pos- 
itive and bidding was generally below 
E[x9|X; = x,] (series 7 large). However, the 
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TABLE 2— PROFITS AND BIDDING BY EXPERIMENT AND NUMBER OF ACTIVE BIDDERS: 
PRIVATE INFORMATION CONDITIONS (Profits measured in dollars) 


Average Profits Average Profits Profits Percentage of 
Auction with Strategic Average Under asa Auctions Percentage of 
Series No. of Discounting Actual RNNE Percentage Won by High Bids 
(No. of Active (standard error Profits (standard of RNNE High b> 
Periods) Bidders of mean) (t-statistic)? error of mean) Prediction Signal Holder E[x9|X; = x] 
6 3-4 3.25 3.73 9.51 39.2 67.7 22.6 
(31) (1.51) (2.70)? (1.70) 
2 4 ~.75 4.61 4.99 92.6 88.9 0.0 
(18) (1.07) (4.35)° (1.03) 
3 small 4 — 3.82 7.53 6.51 115.7 78.6 143 
(14) (2.40) (2.07) (2.65) 
7 small 4 ~ 12 5.83 8.56 68.1 63.2 10.5 
(19) (1.56) (3.35)° (2.07) 
8 small 4 — 2.24 1.70 6.38 26.6 84.6 39.1 
(23) (1.05) (1.56) (1.21) 
1 5 —1.90 2.89 5.19 55.7 72.2 27.8 
(18) (.85) (3.14)° (.86) 
3 large 5-7 —5.19 —2.92 3.65 — 80.5 81.8 63.6 
(11) (55) (-1.49) (.62) 
7 large 6 ~10.11 1.89 4.70 40.2 72.2 22.2 
(18) (.96) (1.67) (1.03) 
4 6-7 — 10.03 —.23 4.78 —4.8 69.2 46.2 
(25) (1.05) (—.15) (.92) 
5 7 — 8.07 — 41 5.25 —7.8 42.3 65.4 
(26) (1.04) (-.44) (1.03) 
8 large 7 — 11.04 —2.74 5.03 — 54.8 78.6 71.4 
(14) (1.35) (—2.04) (1.40) 





*Tests null hypothesis that mean is different from 0.0. 
>Significant at 5 percent level, 2-tailed t-test. 
“Significant at 1 percent level, 2-tailed t-test. 


general pattern was one of positive average 
profits in small groups which, while well 
below the RNNE criteria, were clearly closer 
to the RNNE prediction than the zero/ 
negative profit levels of the winner’s curse: 
profits averaged across experiments with 3-4 
bidders were $4.68 per auction period, about 
65.1 percent of the RNNE models prediction 
of $7.19 per auction period.” In contrast, 
auctions involving 6-7 bidders had average 


20Averages reported here and elsewhere in the text 
are simple, unweighted averages across experiments, 
unless noted otherwise. All RNNE profit calculations 
are exact, based on the bid function in (2) and fn. 8. 


actual profits of —$.88 per auction period. 
While this is substantially better than prof- 
its predicted under strategic discounting, 
— $8.89, indicating considerable adjustment 
to the adverse-selection problem, these ad- 
justments were far from complete, as profit 
levels were negative, closer to the winner’s 
curse prediction than the RNNE prediction 
of $4.68 per auction period. Further, com- 
paring large and small group auctions, actual 
profits decreased substantially more than 
profit opportunities as measured by the 
RNNE criteria. The latter profit criteria 
dropped by $2.51 per auction period, while 
actual profits fell by $5.56. Thus, in going 
from small to large groups, profit perfor- 
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TABLE 3—PROFITS AND BIDDING UNDER VARYING LEVELS OF € 
{All profits in dollars) 
Average Profits Average Profits Profits as a 
with Strategic Average Under RNNE® Percentage 
Discounting Actual (standard of the 
No. of (standard Profits error RNNE 
Bidders £ error of mean) (zr-statistics)® of mean) Prediction 
3-4 12 —1.24 2.60 4.52 57.5 
(.69) (1.74) (1.44) 
18 —.24 3.98 7.20 55.4 
(1.03) (3.71)8 (1.05) 
24/30 60 6.75 11.22 60.2 
(1.94) (3.33)9 (2.06) 
6-7 12 — 3.68 —1.86 3.46 — 53.8 
(54) (—2.21)° (56) 
18 —8.51 ~.95 3.19 —29.8 
(52) (—1.00) (51) 
24/30 —12.31 60 7.12 8.4 
(.89) (51) (.94) 


a Tests null hypothesis that mean is different from 0.0. 
>Based on sample of signal values drawn. 
Significant at 5 percent level, 2-tailed t-test. 

d Significant at 1 percent level, 2-tailed t-test. 


mance deteriorated above and beyond that 
predicted under the RNNE. 

In both small and large groups, the bidder 
with the high private information signal gen- 
erally won. Averaging across auction series, 
the percentages were 76.6 and 68.8 percent 
for small and large groups, respectively. 
Thus, the adverse-selection mechanism hy- 
pothesized to underly the winner’s curse was 
present for both group sizes. The high bid, 
b,, was below E[x |X; = x] in 82.7 percent 
of all auctions involving small number of 
bidders, but was below this value in only 
46.2 percent of those auctions involving large 
numbers. The judgmental errors underlying 
the winner’s curse were largely absent in 
small groups, but were quite prevalent in 
larger groups.” 


21 The adverse-selection discount identifying the win- 
ner’s curse fails to account for the high signal holder not 
always winning the item. Bidders should have been 
responsive to this and used a smaller adverse-selection 
discount based on actual frequencies with which differ- 
ent ranked signal holders won. Since over 90 percent of 
all auctions were won by the first- or second-highest 
signal holder, E[x9|X;= x2] serves as a reasonable 
upper bound on the relevant discount. Using this mea- 


Table 3 shows the relationship between 
profits and e where the averages are com- 
puted over auction periods. We continue to 
distinguish between auctions involving small 
(3—4) and large (6-7) numbers of bidders, 
and pool the data for e= 24 and e= 30 as 
there were relatively few observations at e= 
24. In auctions involving small numbers of 
bidders, actual profits increased with in- 
creases in € and constituted a relatively sta- 
ble fraction of the profits predicted under 
the RNNE. With large numbers of bidders 
(6-7), average losses decreased with in- 
creases in e, with positive average profits 
earned at €= 24-30. Reduced losses with e€ 
increasing implies that bids were reduced 
proportionately more relative to signal val- 
ues. A stable proportionate discount in terms 
of e would have resulted in larger absolute 
dollar losses as e increased.” Instead, sub- 


sure, less than 1 percent of all small group auctions had 
a winner’s curse, while 28.7 percent of all large group 
auctions did. Our conclusion regarding the differential 
frequency of the winner’s curse in large and small 
groups is unaffected, although the overall frequency is 
reduced substantially. ; 

2 Recall that E[xo]X; = x,] is decreasing in e. 
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jects took advantage of the increased profit 
opportunities inherent in the increased value 
of e. 

We used multiple regression analysis to 
summarize and quantify the influences on 
bidding in the private value auctions. Using 
an error components model, and restricting 
our analysis to signal values in the interval 
(1), Table 4 shows the results of two alterna- 
tive bid function specifications. The first 
regression involves a generalized version of 
the bid function (2), allowing for a nonzero 
intercept and including numbers of bidders 
as a right-hand side variable. Under this 
specification, both the intercept coefficient 
and the coefficient associated with the vari- 
able Y in (2) were not significantly different 
from zero. The second regression drops these 
two terms. Under both specifications, the x; 
critically influences bids with an estimated 
coefficient value close to 1.0, as implied un- 
der the RNNE bid function and under stra- 
tegic bidding. Further, bidders were clearly 
sensitive to changes in e, so that we can 
soundly reject any naive bidding models 
which postulate a constant, fixed -discount 
relative to x;. On the other hand, the coeffi- 
cient on e is significantly below unity, and 
this contradicts the RNNE bid function. 
These results parallel those from private 
value auctions, where increases in the distri- 
bution of underlying values resulted in lower 
bids, but these bids were not reduced as 
much as predicted under the risk neutrality 
hypothesis (Kagel, Harstad, and Levin). Fi- 


BAn error components specification was employed, 
with error term 


Nie Up tva TAIN; t=1,.. T; 


where u; is a subject-specific error term, assumed con- 
stant subject across auction series, and v,, is an auction 
period error term. Standard assumptions were em- 
ployed: u; ~ (0,62) and v; ~ (0,02) where u, and U; 
are independent among each other and among them- 
selves, Badi Baltagi’s (1986) weighted least squares com- 
putational procedure was used to invert the variance- 
covariance matrix. A fixed-effects error specification 
generated similar coefficient estimates and standard er- 
rors. Permitting the u; to vary with subject participa- 
tion in different auction series yields similar estimates 
except for the variable N, which increases in value with 
no loss in statistical significance. 


KAGEL AND LEVIN: COMMON VALUE AUCTIONS 909 


TABLE 4— ERROR COMPONENTS ESTIMATES OF BID 
FUNCTION IN PRIVATE INFORMATION MARKETS? 


b(x,) = — 4.30+ 1.00x,— .73¢ 
(3.36) (.002) (.03) 


+ .10N— .02Y R2= 99 
(16) (14) o, = 4.94 
b(x;) = 1.00x;— .74e+ .65N R2= 99 


(002) (03) (15) o, = 4.94 


*Standard errors are shown in parentheses. 


nally, the aggressive forces associated with 
increased numbers of bidders win out over 
the item valuation influences, as we find a 
statistically significant, positive coefficient 
associated with N under both specifications. 
The increased aggressiveness of individual 
bids with increases in N is in direct con- 
tradiction to the predictions of the RNNE 
bidding model.: It adds to the dilution of 
bidders profits associated with increased 
N predicted under the RNNE, with the 
net result a persistent winner’s curse with 
N=6or7. 

Learning patterns over time are not ex- 
plored in detail here. The interested reader 
should consult Kagel et al. (1986) where 
individual learning patterns of inexperienced 
bidders are analyzed. The data reported there 
show considerable learning on survivors 
part, as most start out bidding in excess 
of E[x,|X; = x,]. Comparing the results here 
with end-of-experiment performance for 
these inexperienced bidders shows continued 
learning as well: averaging over the last 5 
periods of 5 auction series of 3—4 inexperi- 
enced bidders shows 28 percent of all high 
bids in excess of E[x,|X; = xı] (compared to 
17.3 percent here) with profits averaging 27.5 
percent of the RNNE prediction (compared 
to 65.1 percent here).74 It is important to 
note, however, that the learning resulting in 
the strong performance of the RNNE model 
in small groups appears to be situationally 


?4There are no large group end-of-experiment data 
from the inexperienced subject experiments to compare 
with the results reported here, as bankruptcies pre- 
cluded keeping groups of 6-7 bidders intact for very 
long. 
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TABLE 5~EFFECTS OF PUBLIC INFORMATION ON SELLER’S REVENUES 
(All revenue figures in dollars) 
Average Change in Revenues 
Actual Predicted 

Acition Sendes (t-statistic)* (standard error of mean) 
(No. of No. of Active RNNE Strategic 
Periods) Bidders Model Discounting 
6 3-4 4.38 7.62 1,38 
(23) (2.71)° (1.54) (1.41) 

3 small 4 -2.71 3.83 —6.51 
(14) (—.99) (2.05) (1.58) 

7 small 4 6.58 7.46 — 3.46 
(11) (2.79)? (1.74) (1.52) 

7 large 6 .22 1.64 — 13.16 
(18) (.15) (.87) (1.26) 

4 6-7 — 3.20 1.25 ~ 15.75 
(18) (—1.36) (.82) (1.07) 

5 7 — 2.40 2.43 ~ 12.34 
(20 *(~1.83) (.86) (1.30) 


*Tests null hypothesis that mean is 0.0. 
>Significant at 5 percent level, 2-tailed t-test. 


specific, and does not provide the “under- 
standing” to respond appropriately to in- 
creased numbers of rivals (see Table 4), or 
to avoid the winner’s curse in large group 
auctions. , 
B. Effects of Public Information 
on Seller ’s Revenues 


Table 5 shows the actual effects of an- 
nouncing x; on average revenues and the 
predicted effects under both the RNNE and 
the strategic discounting models. As in Table 
2, we have ordered the results by number of 
active bidders. 

Averaging across the 3 auction series with 
small numbers of bidders, x, raises revenues 
an average of $2.75 per auction period. Pool- 
ing auction periods, a t-test shows this to 
be statistically significant (1 = 2.41, p <.02, 
1-tailed test), although well below the RNNE 
prediction of a $6.30 increase in revenues. 
Public information reduced revenues in series 
3, the auction series which came closest to 
the RNNE model’s predictions under private 
information conditions. Nevertheless, this 
seems like an anomaly rather than the norm, 
since under all other conditions where the 


winner’s curse was weak or nonexistent, as it 
was in series 6 and series 7 small and large, 
revealing the low information signal, x,, 
raised seller’s revenues (also see the discus- 
sion that follows). 

Averaging across auctions with large num- 
bers of bidders, public information reduced 
seller’s revenues $1.79 per auction period. A 
t-test based on pooled observations indicates 
that this decrease is statistically significant 
(t = —1.48, p <.08,1-tailed test). While the 
reduced revenues are well below the predic- 
tions of the strategic discounting model, they 
are opposite in sign and magnitude to the 
RNNE model which calls for a $1.78 in- 
crease in revenue. 

A within-auction series analysis reinforces 
the importance of the winner’s curse in de- 
termining whether public information raises 
or lowers revenues. The first two columns of 
Table 6 show the effects of announcing x, 
conditional ‘on the presence or absence of a 
winner’s curse in large group auctions, for 
those auction periods where the RNNE 
model predicts an increase. A chi-square test 
shows the winner’s curse to significantly 
affect the validity of the RNNE model’s 
prediction (x? = 4.25, p <.05). The third 
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TABLE 6— EFFECTS OF THE WINNER’S CURSE ON REVENUE RAISING EFFECTS 
OF PUBLIC INFORMATION* 
Number of Periods in Auction 
Large Numbers Smali Numbers? 
(6-7) (3-4) 
Change in Winner’s No Winner’s No Winner’s 
Seller’s Revenues Curse Curse Curse 
Increase 6 12 29 
Decrease ‘ 11 5 10 


“Auction market periods where RNNE predicted an increase in seller’s revenues. 
Winner’s curse defined in terms of high bid in private information market in excess of 


E[xo|X; = x1]. 


>Winner’s curse present in 3 auction periods where RNNE predicts increase in 


seller’s revenues. Hence omitted. 


column of the table shows the effects on 
revenue in the absence of a winner’s curse in 
the small group auctions. The pattern here is 
much the same as found in auctions with 
6-7 bidders in the absence of a winner’s 
curse (x? = .086).” 

In the two auction series where public 
information consisted of posting an ad- 
ditional, randomly drawn, private informa- 
tion signal, public information raised reve- 
nues $.27 per auction (an average increase of 
~ $.80 in experiment 1 and $1.33 in experi- 
ment 2). Note that neither of these series 
exhibited significant traces of the winner’s 
curse under private information conditions. 
In contrast, in an earlier series of experi- 
ments involving inexperienced subjects, re- 
vealing a random public information signal 
consistently reduced revenues, in this case by 
an average of $2.95 per auction (Kagel et al., 
1984). In 2 of these 4 auction series, average 
profits were negative under private informa- 
tion conditions, while in 3 of the 4, the high 
bid exceeded E[x |X, = xı] in 40 percent or 
more of the auctions. These results serve to 
reinforce the hypothesis that an absence of a 
winner’s curse is a necessary condition for 
public information to raise average revenues. 


25Results similar to these have been found in a 
companion series of 6 second-price common value auc- 
tion experiments. 


Table 7 reports market outcomes relative 
to the RNNE model’s predictions with x, 
announced. Average actual profits were posi- 
tive in all experiments. While there is consid- 
erable variation in profits relative to the 
RNNE model’s predictions across auction 
series (especially series 3 and 6), on average 
profits were only slightly less than predicted 
($3.20 actual vs. $3.41 predicted). Further, 
unlike private information conditions, there 
were no systematic differences in realized 
profits relative to predictions as the number 
of active bidders varied. These results, at the 
market level at least, are consistent with our 
earlier suggestion that the RNNE model 
would provide a more accurate characteriza- 
tion of performance with x, announced, 
compared with private information condi- 
tions. 

More detailed analysis of the data, how- 
ever, shows that more is at work here than 
simple strategic discounting with all bidders 
employing identical bid functions. With x, 
announced, there is almost a complete 
breakdown of the prediction that the bidder 
with the highest private information signal 
wins the auction. In these experiments the 
high private information signal holder won 
only 29.5 percent of all auctions. This is only 
modestly above what one would expect if 
chance factors alone determined whether the 
high private signal holder won, an expected 
frequency of 21.8 percent. 
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TABLE 7—PROFITS AND BIDDING WITH PUBLIC INFORMATION (x, ) 
(All profits in dollars) 
Average Profits Percent of 
Profits Under asa Auctions 

Auction Series Average Actual RNNE Percentage Won by 
(No. of No. of Profits (standard error of RNNE High Signal 
Periods) Bidders (t-statistic)? of mean) Prediction Holder 
6 3-4 15 2.96 5.1 30.4 
(23) (.08) (1.60) 
3 small 4 10.24 2.68 382.0 21.4 
(14) (3.33)° (2.03) 
7 small 4 2.07 4.54 45.6 18.2 
(11) (.86) (2.00) 
7 large 6 1.67 3.06 54.6 27.8 
(18) (1.56) (.62) 
4 6-7 3.43 4.14 82.9 44.4 
(18) (2.24)? (1.04) 
5 7 1.64 3.06 53.6 35.0 
(20) (1.62) (.86) 





*Tests null hypothesis that mean is 0.0. 
>Sienificant at 5 percent level,-2-tailed t-test. 
°Significant at 1 percent level, 2-tailed t-test. 


Detailed examination of the data shows a 
handful of bidders (20.0 percent) winning a 
disproportionately large number (57.7 per- 
cent) of the auctions with x, announced. 
This handful of bidders did quite well as a 
group, earning average profits of $2.79 per 
auction period won, as compared to $2.89 
for all other bidders. A distinguishing char- 
acteristic of these bidders is that they were 
relatively more aggressive than their rivals 
under private information conditions (rank- 
ing bids as a fraction of signal values con- 
sistently placed them in the top half of all 
bidders). The increased aggressiveness of this 
handful of bidders in the public information 
markets (they won only 15.1 percent of all 
private information auctions in which they 
did not have the highest private information 
signal, compared to 54.7 percent of the cor- 
responding public information auctions) is 
directly attributable to the sharp reduction 
in beliefs about the underlying value of item 
inherent in announcing x,. This reduction 
in the effective dispersion of information 
concerning Xa permitted differences in risk 


attitudes and information processing capaci- 
ties to play an increased role in the outcomes 
of auctions with public information.” 

Table 8 reports the results of statistical 
estimates of individual bid functions with x, 
announced. Recall from (8) that the parame- 
ters associated with the variables x, and x, 
are a function of the number of bidders 
present. The specifications in Table 8 em- 
ploy different slope coefficients for these 
variables in small group (N = 3-4) and large 
group (N= 6-7) cases. With N = 3-4, the 
estimated slope coefficients for public and 
private information, are close to the theoreti- 
cal bid function prediction (with N = 4, these 
are .67 and .33 for public and private infor- 
mation, respectively). With N=6-7, more 
weight is attached to public rather than 


26 However, these bidders were unable to overcome 
the inherent disadvantage of holding only public infor- 
mation, as their average profits did not deviate signifi- 
cantly from zero in cases where they held the low 
private information signal. 
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TABLE 8—ERROR COMPONENTS ESTIMATES OF BID FUNCTION IN MARKETS 
WITH x, ANNOUNCED 
b(x;,%,)=— 95+ .24x,- OMX + 72x, + 12xf + 14e+ 08N R? = 98 
: (6.2) (05) (06) (05) (06) (07) (70) 0, = 7.39 
b(x,;,%,) = .24x,;- Oles + 72x, + .12xž + 14e R? = 98 
(05) (05) (05) (06) (06) 5737 


Note: xf =x; if N=6 or 7, x¥=0 otherwise; xž =x; if N=6 or 7, xž=0 


otherwise. 


*Standard errors are shown in parentheses. 


private information, in contrast to the theo- 
retical bid function prediction (with N=7, 
predicted weights are .58 and .42, respec- 
tively). Further, e has a modest positive, 
Statistically significant, effect on bids, con- 
trary to the predictions of both the RNNE 
and strategic discounting models, in which 
x, and x, capture all the information neces- 
sary (recall equation (8)). 


C. Summary of Experimental Outcomes 
of Primary Interest 


The data permit us to reach clear conclu- 
sions regarding the research hypotheses of 
primary interest specified in Section II, sub- 
section 3. With respect to Hypotheses 1 and 
2, we reject the strong form of the RNNE 
bidding model, irrespective of the number of 
rivals in the market or whether the market 
involves private or public information. Bid- 
ding consistently exceeded the RNNE pre- 
diction in private information markets, was 
highly variable relative to the RNNE refer- 
ence point in markets with public informa- 
tion, and x, failed to raise revenues by the 
predicted amount, even in markets without a 
winner’s curse. The weak form of the RNNE 
model consistently outperformed the win- 
ner’s curse and the strategic discounting 
model in markets with small numbers of 
rivals, consistent with Hypotheses 3 and 4. 
However this ballpark characterization of 
the data failed on both counts in markets 
with large numbers of rivals, leading us to 
reject Hypothesis 5. Finally, bidders were 
sensitive to the strategic implications of the 
auctions, responding correctly to variations 
in e and coming close, on average, to the 


RNNE model’s prediction with x, an- 
nounced. This confirms Hypothesis 6, which 
in turn suggests that the rejection of Hy- 
potheses 1-5, particularly the rejection of 
Hypothesis 5, follows from the judgmental 
errors underlying the winner’s curse, 


IV. Towards Generalizability: But Is This 
How the Real World Operates? 


A common criticism of experimental re- 
search in economics is that behavior in the 
laboratory is unlikely to be representative of 
field behavior. This criticism increases, as 
well it should, with the degree to which 
laboratory behavior deviates from accepted 
economic theory and common wunder- 
standing of what constitutes “rational” eco- 
nomic behavior. Critics argue that auction 
market subjects, MBA students and senior 
undergraduates, are inherently less sophisti- 
cated, and clearly less experienced, than ex- 
ecutives in the relevant industry, that experi- 
mental subjects do not have as much time to 
think and respond to events as industry ex- 
ecutives, and that they lack the assistance of 
expert advisors that many industries have, to 
cite some of the prominent criticisms we 
have encountered. One can rebut these argu- 
ments on grounds that the experimental 
designs drastically simplify the decision- 
making structure, thereby obviating the need 
for expert advisors and reducing time 
requirements to make sensible decisions. 
Further, experimental subjects receive sub- 
stantially more feedback, with shorter de- 
lays, regarding the outcomes of their deci- 
sions, so that the feedback loops that pro- 
mote learning and adjustment over time are 
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substantially stronger for experimental sub- 
jects compared to industry executives. (This 
is particularly true in the case of OCS lease 
sales where executives know that returns on 
investment will only be revealed years after 
bids have been accepted, and the responsible 
parties might well be in different positions 
within the company, or moved to a rival 
firm.) 

Logical arguments can only go so far in 
debates of this sort. The question posed here 
is, what do the relevant data outside the 
laboratory look like compared to laboratory- 
generated data? Is the same model capable 
of organizing behavior in both settings? Do 
the field data obviously contradict the 
laboratory data? 

The remainder of this section examines 
these issues in the context of the U.S. 
government’s outer continental shelf lease 
sales. Note that our objective here is not to 
definitively test between competing explana- 
tions using field data. If we thought the field 
data had this kind of potential, there would 
be no need to resort to laboratory experi- 
ments in the first place (see Vernon Smith, 
1982, and Charles Plott, 1982, for general 
discussions of the problems involved in using 
field data to test between models of market 
behavior and the advantages of laboratory 
experiments). Rather, our objective is to show 
that a reasonable analysis of the available 
data does not falsify the hypothesis that 
similar economic processes are at work in 


both settings. If this can be done, the burden © 


of proof rests on those who would argue that 
the results don’t generalize to demonstrate 
that their arguments are correct. 

The concept of a winner’s curse arose 
from petroleum geologists analysis of OCS 
bidding patterns and industry based calcula- 
tion of rates of return from winning lease 
sales (Capen et al.; Lorenz and Dougherty). 
In a more recent analysis, Walter Mead, 
Asbjorn Moseidjord, and Philip Sorensen 
(1983) found after-tax rates of return on all 
OCS leases in the Gulf of Mexico issued 
from 1954 to 1969 to be less than average 
returns on equity for U.S. manufacturing 
corporations. Mead et al. view lease pur- 
chases as high risk investments and con- 
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clude that “...they (lessees) have historically 
received no risk premium and may have paid 
too much for the right to explore for and 
produce oil and gas on federal offshore 
lands” (1983,pp. 42-43).?” In light of the 
effects of public information on bidder’s 
profits reported here, a second element of 
Mead et al.’s (1983) calculations, namely 
rate of return differentials between drainage 
and wildcat leases, provides important cor- 
roborating evidence for the argument that 
lessees probably paid “too much” in these 
early OCS lease sales. The remainder of this 
section details this argument.”® 

A wildcat lease involves a tract for which 
there are no drilling data available that would 
indicate potential productivity. When a hy- 
drocarbon reservoir has been located on a 
wildcat tract that is expected to extend into 
adjacent unleased acreage, the adjacent tract 
is defined by the U.S. Geological Service 
(USGS) as a drainage tract. Considerably 
more information is available regarding the 
economic potential of drainage than wildcat 
tracts. This information has both public and 
private components. An important public 
information component is that drainage 
tracts are unlikely to be dry, thereby signifi- 
cantly reducing the uncertainty (relative to 
wildcat tracts) that hydrocarbons will be 
found. However, developers of the wildcat 
tract (called neighbors) are likely to have 
superior private information relative to non- 
neighbors regarding the quantity of oil likely 


27There is some argument as to whether investors 
require risk premiums for investing in oil and gas leases. 
A number of writers suggest that risk-averse bidders 
would require a premium relative to investing in alter- 
native activities. Others, one of our referees included, 
argue that large oil companies with access to capital 
markets and having a diversified portfolio of leases 
would not be expected to earn risk premiums. 

8 Our analysis is not concerned with absolute rates 
of return, or absolute present discounted value calcula- 
tions, for OCS sales compared to other industries. 
Rather, we are concerned exclusively with differences in 
rate of retum between drainage and wildcat leases. 
Differential rate calculations within an industry, by the 
same research team, should be relatively more robust to 
the empirical problems encountered in obtaining such 
measure than comparisons across industries by different 
research groups. 
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to be found, oil pressures, and other signifi- 
cant seismic information.” 

If the information available on drainage 
leases were purely public, it should, accord- 
ing to Nash equilibrium bidding theory, raise 
average seller’s revenues, hence reducing 
bidder’s profits (recall Section II). If the 
information were purely private, under Nash 
equilibrium bidding theory it would increase 
the rate of return for insiders (neighbors) 
relative to outsiders (nonneighbors), and re- 
duce the average rate of return for non- 
neighbors below what would be earned in 
the absence of insider information (Wilson, 
1975a,b; M. Weverbergh, 1979). If the added 
information on drainage leases contains both 
public and private information elements, 
tates of return for neighbors should be 
greater than for nonneighbors, but with non- 
neighbor returns definitely less than in the 
absence of the additional information (both 
the public and private information compo- 
nents push in this direction for nonneigh- 
bors). 

What Mead et al. found were higher rates 
of return on drainage compared to wildcat 
leases for both neighbors (88.6 percent 
higher) and nonneighbors (56.2 percent 
higher). Further, nonneighbors won 43.2 per- 
cent of all drainage leases. While the higher 
rate of return for neighbors compared with 
nonneighbors can be explained by the pres- 
ence of insider information (the explanation 
Mead et al. offer, 1983,1984), the substan- 
tially higher rates of return for nonneighbors 
remains puzzling within the context of Nash 
equilibrium bidding theory. However, the 
higher rate of return for both neighbors and 


?°Only drainage leases have neighbors, namely those 
responsible for the development of the neighboring 
wildcat tract. 

3°All leases had the same royalty rate and were 
allocated on the basis of a first-price cash bonus bid. 
Drainage leases were spread throughout the Gulf so 
that each lease is likely to represent an independent 
pool of oil (Asbjorn Moseidjord, personal communica- 
tion). The revenue-raising (profit-reducing) effects of 
public information in the RNNE model are expecta- 
tions based on samples of independent observations 
(Milgrom and Weber). Hence, the drainage lease sample 
Satisfies the assumptions of the model. 
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nonneighbors on drainage leases is perfectly 
consistent with our experimental findings, 
given the existence of a winner’s curse in 
bidding on wildcat leases. According to this 
explanation, the additional information 
available from neighbor tracts served to cor- 
rect for the overly optimistic estimate of 
lease value recorded in the average winning 
bids on wildcat tracts, thereby raising aver- 
age profits for both neighbors and non- 
neighbors alike. In this respect, the OCS 
lease data parallel our experimental results 
with public information in the presence of a 
winner’s curse. 

What alternative explanations are avail- 
able to explain both nonneighbors and 
neighbors rates of return being higher on 
drainage leases? Mead et al. suggest twò 
alternatives. First, one might argue that the 
lower rate of return on wildcat leases reflects 
the option value of the private information 
consequent on discovering hydrocarbons. 
The higher rate of return of neighbors over 
nonneighbors on the drainage leases cer- 
tainly suggests that neighbors had valuable 
proprietary information, the prospect of 
which would depress the value of the wildcat 
leases. However, returns to this proprietary 
information were far from certain to be real- 
ized, while the differential overall rate of 
return on leases in the Gulf, counting wild- 
cats alone vs. counting wildcats plus drainage 
leases, was small, amounting to 7 percent of 
the wildcat rate of return (Mead et al., 1983). 
Thus the revealed value of the option is 
small and is unlikely to fully account for the 
depressed rate of return on wildcats relative 
to nonneighbors. Second, one can argue that 
the existence of insider information (and its 
common knowledge) scared off nonneigh- 
bors so that they did not bid, or bid very 
little, relative to lease value. Consequently, 
when nonneighbors won, since they bid quite 
low, they obtained higher rates of return as 
well. However, the frequency with which 
nonneighbors won drainage leases seems in- 
consistent with this argument.*! To be sure, 


31Under Nash equilibrium bidding theory, it is not 
perfectly clear what ought to happen to the frequency 
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the average number of bids on drainage 
leases was less than on wildcats (2.88 vs. 
3.33), but the data suggest only a modest 6.4 
percent decline in the rate of return in going 
from leases with 2 bids to leases with 3-4 
bids (Mead et al., 1983; 1984).*? 

Note that we do not dispute Mead et al.’s 
(1984) argument that neighbors had proprie- 
tary information leading to higher rates of 
return on drainage leases than wildcats, or 
on drainage leases relative to nonneighbors. 
What we are claiming is that this proprietary 
information does not fully account for the 
substantially higher rates of return on 
drainage leases over wildcat leases for both 
neighbors and nonneighbors alike. Rather 
this element of the data is more readily 
explained by the public information compo- 
nent of the drainage lease designation, in 
conjunction with a winner’s curse on wildcat 
leases. This explanation has the virtue of 
parsimony and consistency with the experi- 
mental results reported here.*? 





with which the informationally disadvantaged will win 
auctions. We suspect that this depends critically on the 
underlying distributions of item value and private infor- 
mation signals, and the nature of the insider informa- 
tion. However, all formal Nash equilibrium bidding 
models developed to date have the less informed earn- 
ing lower profits than under symmetric information 
conditions (Wilson, 1975a,b; Weverbergh). 

32 Numbers of bidders in field environments is en- 
dogenous, depending in part on perceived lease value, 
rather than exogenous, as commonly treated in the 
auction market literature (and as one can arrange for in 
the laboratory). As such it is far from clear why, in 
theory, rates of return should vary systematically with 
numbers of bidders in field environments, unless again 
we postulate the existence of a winner’s curse that is 
exaggerated with increased numbers of bidders. 

33 Drainage tracts have sharply reduced exploration 
costs as there are substantially fewer dry holes drilled 
per lease than on wildcats. Further, there are reduced 
production costs as a consequence of existing invest- 
ments on neighbor leases and possibilities of joint pro- 
duction. In efforts to reconcile Mead et al.’s (1983) 
estimates of higher rates of return on drainage leases 
with their own estimates that prior drilling raised seller’s 
revenues in the Gulf, Jeffrey Leitzinger and Joseph 
Stiglitz (1984) argue that developers capture at least 
some of the rent associated with reduced production 
costs on drainage leases. No explanation is offered for 
how this can plausibly account for the full differential 
rate of return between wildcat and drainage leases. Nor 
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Our analysis of field data has been limited 
to 1954-69, prior to the publication of Capen 
et al.’s article alerting the industry to the 
presence of a winner’s curse, and suggesting 
ways to avoid it. Many would argue that 
adjustments in bidding in the 1970's, partly 
in response to Capen et al.’s article and 
related publications, has eliminated the 
winner’s curse in OCS lease sales, although 
opinions are not unanimous on the subject 
(see Lorenz and Dougherty, for example). 
We know of no rate-of-return studies on 
drainage vs. wildcat leases for the 1970’s 
similar to Mead et al.’s for the 1960’s that 
might help resolve the issue. We do know 
that at times there are significant discrepan- 
cies between cognitive understanding of the 
“right” thing to do and actual behavior. For 
mineral rights auctions, this involves firms 
recognizing and admitting that their geolo- 
gists’ estimates of value (and their econo- 
mists’ estimates of future price) have a sig- 
nificant error component, and that in the 
absence of insider information are unlikely 
to be better (on average) than their rivals. 
Such an admission is no small matter when 
paying substantial salaries to these profes- 
sionals. As such we reserve judgment for the 
moment on the issue of a continuing winner’s 
curse in OCS sales. Even assuming elimina- 
tion of a winner’s curse in more recent OCS 
lease sales does not affect our argument here, 
however: the available data outside the 
laboratory are consistent with data inside it 


why, since these savings are public knowledge and 


contain a strong common value element, traditional 
motions of rent capture in competitive markets should 
fail. (Reduced production costs are in large measure 
available to both neighbors and nonneighbors as a 
consequence of the federal government’s ability to force 
unitization, and the strong effects of these enforcement 
powers on voluntary unitization of tracts; see Gary 
Liebcap and. Steven Wiggins, 1985.) An alternative ex- 
planation is that Mead et al.’s rate of return estimates 
are incorrect. However, there are equally strong, if not 
stronger, reasons to suppose that Leitzinger and Stiglitz’s 
estimates of information externalities, which are based 
on the size of the bonus bid on drainage compared with 
wildcat leases, are highly exaggerated, as the public 
information component associated with the drainage 
lease designation is systematically biased towards rais- 
ing the expected value of these leases. 
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in the absence of extensive efforts to alert 
bidders to the presence’ of a winner’s curse. 


V. Conclusions 


Our experiments provide an empirical ex- 
ample of a market where individual judg- 
ment errors significantly alter market .out- 
comes. Bidders in common value auctions, 
as in other auctions, are sensitive to the 
strategic opportunities inherent in the auc- 
tion process. However, when strategic con- 
siderations and adverse-selection forces re- 
sulting from uncertainty about the value of 
the item conflict, behavior fails to conform, 
in important ways, with the requirements of 
Nash equilibrium bidding strategies. 

Although we reject the general applicabil- 
ity of Nash equilibrium bidding models, 
market outcomes come closer to the risk- 
neutral Nash equilibrium model’s predic- 
tions than to the winner’s curse in auctions 
with small numbers (3-4) of bidders. In 
addition, there is considerable adjustment to 
the adverse-selection problem with large 
numbers (6-7) of bidders. However, these 
adjustments are far from complete, as profit 
levels are consistently negative, in confor- 
mity with the winner’s curse. The existence 
of a winner’s curse in large groups, in con- 
junction with the positive effect of the num- 
ber of bidders on the size of individual bids, 
indicates that avoidance of the winner’s curse 
in small groups is specific to the situation, 
and does not carry over to auctions with 
larger numbers of bidders. Bidders have 
learned to avoid the winner’s curse in small 
groups out of a trial and error survival pro- 
cess, as opposed to “understanding” the 
adverse-selection problem as it applies to 
new situations. 

Accounting for judgmental errors in these 
markets has some practical policy implica- 
tions in terms of whether sellers choose to 
obtain and release information narrowing 
down the value of the auctioned item. In the 
absence of judgmental errors, this informa- 
tion clearly enhances seller’s revenues, as 
Nash equilibrium bidding theory predicts. In 
the presence of judgmental errors, however, 
such information will almost surely reduce 
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average revenues, a factor ignored to date in 
the literature. 

Given sufficient experience and feedback 
regarding the outcomes of their decisions, we 
have no doubt that our experimental sub- 
jects, as well as most bidders in “real world” 
settings, would eventually learn to avoid the 
winner’s curse in any particular set of cir- 
cumstances. The winner’s curse is a disequi- 
librium phenomenon that will correct itself 
given sufficient time and the right kind of 
information feedback.*4 Clearly the attenua- 
tion of the feedback loop between a decision 
and determining the outcomes of that deci- 
sion, as is commonly the case in outer con- 
tinental shelf lease sales and a number of 
other settings, serves to perpetuate the phe- 
nomena. Further, comparative evaluations of 
management performance in terms of money 
“left on the table” (the difference between 
the high bid and the second high bid) can do 
little to arrest the problem since the winner’s 
curse is ubiquitous and applies fairly uni- 
formly across individuals at early stages of 
the learning process (Kagel et al., 1986). 
Finally, to the extent that market par- 
ticipants feel that they have an inside edge, 
and better judgmental abilities than their 
rivals, the winner’s curse is bound to be 
difficult to eliminate. 

Apart from the important task of replicat- 
ing our experiments, a number of interesting 
research questions remain to be explored. 


‘Since avoidence of the winner’s curse in- 


volves a learning process, exactly what 
mechanisms, if any, insure market memory 
of past mistakes? To what extent do new 
entrants learn from experience compared to 
learning from observation or formal educa- 
tion? Do inexperienced bidders learn more 
quickly in markets dominated by experi- 
enced bidders? What are the dynamics of 
markets characterized by continual entry of 
new “suckers” who must learn from per- 
sonal experience, and do we observe these 
dynamics in field environments? 


Auction series 7 large clearly indicates this as it 
involved super-experienced subjects all of whom had 
been in at least two previous large group series. 
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INSTRUCTIONS 


This is an experiment in the economics of market 
decision making. The National Science Foundation has 
provided funds for conducting this research. The in- 
structions are simple, and if you follow them carefully 
and make good decisions you may earn a CONSIDERABLE 
AMOUNT OF MONEY which will be PAID TO YOU IN CASH 
at the end of the experiment. 


1. In this experiment we will create a market in 
which you will act as buyers of a fictitious commodity 
in a sequence of trading periods. A single unit of the 
commodity will be auctioned off in each trading period. 
There will be several trading periods. 

2. Your task is to submit written bids for the 
commodity in competition with other buyers. The pre- 
cise value of the commodity at the time you make your 
bids will be unknown to you. Instead, each of you will 
receive information as to the value of the item which 
you should find useful in determining your bid. The 
process of determining the value of the commodity and 
the information you will receive will be described in 
Sections 6 and 7 below. 

3. The high bidder gets the item and makes a profit 
equal to the difference between the value of the com- 
modity and the amount they bid. That is, 


(VALUE OF ITEM) — (HIGHEST BID) = PROFITS 


for the high bidder. If this difference is negative, it 
represents a loss. 

If you do not make the high bid on the item, you will 
earn zero profits. In this case, you neither gain nor lose 
money from bidding on the item. 

4. You will be given a starting capital credit bal- 
ance of $10.00. Any profit earned by you in the experi- 
ment will be added to this sum, and any losses incurred 
will be subtracted from this sum. The net balance of 
these transactions will be calculated and paid to you in 
CASH at the end of the experiment. 

The starting capital credit balance, and whatever 
subsequent profits you earn, permit you to suffer losses 
in one auction to be recouped in part or in total in later 
auctions. However, should your net balance at any time 
during the experiment drop to zero (or less), you will no 
longer be permitted to participate. Instead we will give 
you your participation fee and you'll be free to leave the 
auction. 

You are permitted to bid in excess of your capital 
credit balance in any given period. 

5. During each trading period you will be bidding 
in a market in which all the other participants are also 
bidding. After all bids have been handed in they will be 
posted on the blackboard. We will circle the high bid 
and note the second high bid, and post the value of the 
item. We will also indicate whether a profit or loss was 
earned by the high bidder. 

6. The value of the auctioned commodity (V*) 
will be assigned randomly and will lie between $25.00 
and $225.00 inclusively. For each auction, any value 
within this interval has an equally likely chance of being, 
drawn. The value of the item can never be less than 
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$25.00 or more than $225.00. The V* values are de- 
termined randomly and independently from auction to 
auction. As such a high V* in one period tells you 
nothing about the likely value in the next period— 
whether it will be high or low. It doesn’t even preclude 
drawing the same V* value in later periods. 

7. Private Information Signals: 

Although you do not know the precise value of the 
item in any particular trading period, you will receive 
information which will narrow down the range of possi- 
ble values. This will consist of a private information 
signal which is selected randomly from an interval 
whose lower bound is V* minus epsilon (2), and whose 
upper bound is V* plus epsilon. Any value within this 
interval has an equally likely chance of being drawn and 
being assigned to one of you as your private informa- 
tion signal. You will always know what the value of 
epsilon is. 

For example, suppose that the value of the auctioned 
item is $128.16 and that epsilon is $6.00. Then each of 
you will receive a private information signal which will 
consist of a randomly drawn number that will be be- 
tween $122.16 (V* — e= $128.16 — $6.00) and $134.16 
(V* + e= $128.16 + $6.00). Any number in this interval 
has an equally likely chance of being drawn. 

The line diagram below shows what’s going on in 
this example. 


Vt-E= $122.16 Ve= S$I28.16 Ve+E= $134.16 & = $6.00 
$$ nt rn 


$25.00 Signal volves moy be $225.00 


onywhere in this interval 


The data below show the entire set of signals the 
computer generated for our sample bag. (Note we've 
ordered these signal values from lowest to highest.) 

V* = $128.16; e= $6.00. Signal values: $122.57 
124.14 
124.68 
126.76 
128.84 
129.51 
129.96 
129.98 
132.07 
You will note that some signal values were above the 
value of the auctioned item, and some were below the 
value of the item. Over a sufficiently long series of 
auctions, the differences between your private informa- 
tion signal and the value of the item will average out to 
zero (or very close to it). For any given auction, how- 
ever, your private information signal can be above or 
below the value of the item. That’s the nature of the 
random selection process generating the signals. 

You will also note that V* must always be greater 
than or equal to your signal value — s. The computer 
calculates this for you and notes it. Further, V* must 
always be less than or equal to your sample value + e. 
The computer calculates this for you and notes it. 

Finally, you may receive a signal value below $25.00 
(or above $225.00). There is nothing strange about this, 
it just indicates V* is close to $25.00 (or $225.00) 
relative to the size of epsilon. 
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8. Your signal values are strictly private informa- 
tion and are not to be revealed to anyone else prior to 
opening the bids. 

You will be told the value of e prior to bidding and 
it will be posted on the blackboard. However, you will 
not be told the value of V* until after the bids have 
been posted. Finally we will post all of the signal values 
drawn along with the bids. 

9. No one may bid less than $0.00 for the item. 
Nor may anyone bid more than their signal value + e. 
Any bid in between these two values is acceptable. 

Bids must be rounded to the nearest penny to be 
accepted. : 

In case of ties for the high bid, we will flip a coin to 
determine who will earn the item. 

10. You are not to reveal your bids, or profits, nor 
are you to speak to any other subject while the experi- 
ment is in progress. 

11. As promised, everyone will receive $4 irrespec- 
tive of their earnings for participating in the experi- 
ment. 


Lets summarize the main points: (1) High bidder 
earns the item and earns a profit = value of item — high 
bid price. (2) Profits will be added to your starting 
balance of $10.00, losses subtracted from it. Your bal- 
ance at the end of experiment will be paid in cash. If 
balance turns negative you’re no longer allowed to bid. 
(3) Your private information signal is randomly drawn 
from the interval V* — e, V* + e. The value of the item 
can never be more than your signal value + e, or less 
than your signal value — «. (4) The value of the item 
will always be between $25.00 and $225.00. 


Are there any questions? 


ADDITIONAL INSTRUCTIONS: 
PERIODS WITH PUBLIC INFORMATION 


1. From now on bidding will be done twice dur- 
ing each trading period, once under each of two differ- 
ent information conditions, First, you will bid on the 
basis of your private information signals, just as you 
have been doing. After these bids have been made and 
collected, but before they are opened, you will be pro- 
vided with additional information (to be described 
shortly) concerning the value of the item and be asked 
to bid again on the commodity. This additional informa- 
tion will be posted on the blackboard for everyone to 
see and will be referred to as a public information 
signal. 

2. The public information signal will consist of 
posting on the blackboard the lowest of the private 
information signals any of you received. Note we will 
not reveal the bid of the player with the lowest informa- 
tion signal, just the signal value. 

3. Note that V* does not change between auc- 
tions. Your private information signals do not change 
between auctions either. However, what the public 
information signal does do is provide everyone with 
additional information about the possible value of V*. 

4. After both sets of bids have been collected they 
will be opened and the bids posted in each market and 
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the high bid noted. We will also post the value of the 
item and compute profits and/or losses in the two 
markets as before: 


PROFITS = (VALUE OF ITEM) — (HIGH BID PRICE). 


Finally, to speed things up a bit we will no longer post 
all of the signal values drawn along with the bids. 

5. However, we will only actually pay profits (or 
hold you accountable for losses) in one of the two 
markets, We will flip a coin to decide which market to 
pay off in. Heads we pay off in the market with private 
information values only, tails we pay off in the market 
with private and public information. 

6. There is no obligation to make the same bid, or 
to bid differently in the two markets. This is strictly up 
to you to decide what to do in terms of what you think 
will generate the greatest profits. 


Are there any questions? 
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The Logic of Vertical Restraints 


By PATRICK REY AND JEAN TIROLE* 


This paper shows that direct (product) competition acts as a tournament between 
retailers when informational problems (or transaction costs) prevent the manufac- 
turer from using contracts based on their relative performances. Anticompetitive 
restraints such as exclusive territories and resale price maintenance (which, we 
show, are not necessarily good substitutes) may or may not be privately desirable. 
It also shows that privately desirable anticompetitive restraints may not be 


socially desirable. 


Upstream and downstream firms often do 
not trade intermediate goods through a sim- 
ple linear price mechanism. Their relation- 
ship also involves vertical restraints such as 
resale price maintenance (RPM), exclusive 
territories (ET), franchises and exclusive 
dealing, to name a few. Vertical restraints 
constitute a challenge to both the theorist 
and the applied economist. They represent 
one of the most obvious applications of 
agency theory, with relatively explicit con- 
tracting terms. They are of considerable in- 
terest to the antitrust practitioner, as wit- 
nessed by the high number of cases related 
to such restraints. Furthermore, some dis- 
agreement remains as to what motivates these 
restraints, and even more disagreement re- 
lates to their welfare consequences (see 
F. M. Scherer, 1980; Roger Blair and David 
Kaserman, 1983). 

This paper’s tenet is that the private and 
social desirability of such restraints ought 
to be studied by first analyzing the delega- 
tion problem underlying them. This is indeed 
the route taken by the recent theoretical 
literature on this topic (Avinash Dixit, 1983; 
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and the conference on distribution organized by 
CESCOM in Angera (Italy), where a first draft of this 
paper was presented. This research was supported in 
part by the National Science Foundation and the Sloan 
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Nancy Gallini and Ralph Winter, 1983; 
G. Frank Mathewson and Winter, 1983a,b,c; 
1984). In this literature, the upstream unit 
(manufacturer) sells a good to downstream 
units (retailers). The manufacturer can 
control/observe some variables such as the 
quantity bought by each retailer and possi- 
bly the retailers’ prices, their areas of distri- 
bution, etc. However, it either cannot, or is 
not legally allowed to, control some other 
variables such as the number of retailers, 
their locations, or their selling efforts. This 
lack of control of some variables gives rise to 
undesirable horizontal and vertical externali- 
ties. For instance, the lack of control of 
selling expenses may give rise to underprovi- 
sion of effort and free riding (Lester Telser, 
1960); or imperfect control of retail prices 
gives rise to the celebrated double marginali- 
zation (Joseph Spengler, 1950). The main 
merit of the above-mentioned literature is to 
show how simple vertical restraints may sup- 
press these externalities.: To cite only two 
well-developed examples, a franchise (or 
RPM) can solve the double marginalization 
problem; while ET or RPM (together with a 
franchise) can eliminate promotional exter- 
nalities. Mathewson and Winter (1983a, 
1984) offer a fairly comprehensive treatment 
of this type of control. 

This literature derives some interesting and 
intuitive explanations of vertical restraints. 
It, however, has the drawback of not explor- 
ing the roots of the delegation problem. In- 


1For a review of the methodology of this literature, 
see our earlier paper (1986). 





922 THE AMERICAN ECONOMIC REVIEW 


deed, each agent (retailer) makes its deci- 
sions having the same full information as the 
principal (manufacturer) about his certain 
environment. Thus the manufacturer’s only 
concern is to make sure that the retail- 
ers take some given actions. The adaptation 
to the environment through delegation is 
ignored because of the absence of uncer- 
tainty. In this literature, the manufacturer 
generally uses all available vertical restraints 
(for instance, if he can monitor the final 
price, he imposes resale price maintenance, 
since, at worst, he can duplicate the competi- 
tive price outcome). Indeed, a theme of this 
literature is the search for a set of “mini- 
mally sufficient vertical restraints,” that is, 
restraints that enable the manufacturer to 
realize the first-best or integrated profit. 

In this paper we consider retailers’ infor- 
mational superiority about the environment 
as well. Given this informational assump- 
tion, we focus on the private and social 
desirability of anticompetitive restraints such 
as RPM and ET. We compare them with 
the policy that allows competition between 
the retailers. We find that: 

(a) vertical restraints may or may not be 
desirable from the manufacturer’s point of 
view, that is, may or may not be part of an 
optimal contract. Thus, the manufacturer 
may decide not to use informationally feasi- 
ble restraints. Indeed, a central theme of the 
paper is that direct (product) competition 
acts as a tournament between the retailers 
when informational problems prevent the 
manufacturer from using contracts based on 
their relative performances. 

(b) in contrast to conventional wisdom, 
RPM and ET are not necessarily sub- 
stitutes; 

(c) the comparison between the different 
control policies depends much on the type of 
uncertainty; and 

(d) vertical restraints may both be 
privately desirable and decrease aggregate 
surplus, and therefore should not be legal 
per se. 

Section I sets up the model. Section II 
computes the manufacturer’s profit and so- 
cial welfare for competition, ET and RPM, 
under “market uncertainty” about cost and 
demand and retailers’ extreme risk aversion. 
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It compares the results for this case, and 
discusses the factors influencing the private 
desirability of restraints. Section HI makes 
the polar assumption of retailers’ risk neu- 
trality, while Section IV treats the case of 
“idiosyncratic uncertainty.” Section V sum- 
marizes the welfare aspects and explains the 
likely bias of the social planner towards 
competition. Section VI generalizes our anal- 
ysis to arbitrary concave utility functions for 
the retailers. It studies the “purely competi- 
tive” framework—market uncertainty and 
undifferentiated retailers—and shows that 
the manufacturer always prefers competition 
to RPM, and that the difference in the 
manufacturer’s profit between competition 
and ET grows with the retailers’ Arrow-Pratt 
index of absolute risk aversion; the manu- 
facturer prefers competition (ET) if the re- 
tailers are very risk averse (risk neutral); it 
also shows that aggregate welfare is always 
higher under competition than under an anti- 
competitive restraint (ET or RPM). Lastly, 
Section VII draws the main conclusions of 
our analysis and suggests some extensions. 


I. The Model 
A. Description 


Let us set the basic model. Some straight- 
forward variants will be introduced later to 
study ET and RPM. A manufacturer pro- 
duces a single product at constant unit cost 
c. He supplies this product to a large number 
of “independent markets.” (One can think 
of geographical markets.) A market, the en- 
tity we focus on, stands for a set of custo- 
mers located on a segment of length one. They 
are uniformly distributed along the segment 
with unit density. Consumers are indexed by 
their distance y to the left end of the seg- 
ment. 

We will not be concerned with the number 
of retailers or their location (these features 
could be incorporated into the model). We 
simply assume that there are two retailing 
sites located at the two extremes of the 
market. Each site is occupied by a retailer, 
who is chosen by the manufacturer. There is 
a competitive supply of (identical) potential 
retailers. 
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A consumer located at y pays a transpor- 
tation cost ty (respectively, t(1— y)) per unit 
of product purchased from the left-end re- 
tailer (respectively, right-end retailer). For 
instance, if he picks the left-end retailer and 
the latter charges a retail price q, the real 
price paid by the consumer is {q + ty}. We 
assume that all consumers have the same 
linear demand curve. Let x=d—(q+ty) 
denote the quantity bought by a consumer 
located at y, assuming he buys from the 
left-end retailer. 

A retailer has distribution cost y per unit 
of sale. He chooses the retail price of the 
product. The two retailers are Bertrand com- 
petitors (as shown in Section V, the absence 
of collusion between the retailers is crucial 
to some of our results). 

We assume for the moment that the 
manufacturer can impose only two-part 
tariffs on his retailers. So if x is the quantity 
sold to a retailer, the latter pays {A+ px} to 
the manufacturer, where p is the wholesale 
price and A is a franchise fee. The next 
section argues that under reasonable infor- 
mational asymmetries between the manufac- 
turer and the retailers, two-part tariffs are 
indeed optimal for the manufacturer. For 
the moment, let us simply justify two-part 
tariffs by their common use in real-world 
vertical arrangements, or else by the prohibi- 
tion by some state regulations that the same 
product be sold to different dealers at differ- 
ent marginal prices. 

Let us now describe the uncertainty about 
the environment. As a first step, we consider 
only uncertainty about each market, and not 
about each retailer. This assumption implies 
that the two retailers in a given market are 
still symmetrical once the uncertainty is re- 
solved. This market uncertainty is market 
specific in that the random variables in dif- 
ferent markets are uncorrelated. In Section 
IV, we will consider the case of independent 
or idiosyncratic uncertainty affecting each 
retailer. 

We simultaneously consider two types of 
market-specific uncertainty: 

1) Demand Uncertainty: The demand 
parameter d is distributed on [d,d]. The 
parameter d is not known at the time the 
contracts with the retailers are signed. 
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2) Retail Cost Uncertainty: The distribu- 
tion cost y is distributed on [y,7]. The 
parameter y is not known at the time the 
contracts are signed. We will assume that 
d > c+ 7, and that d and y are independent. 

The uncertainty (d and y) is not observed 
by the manufacturer. It is observed by the 
two retailers after their contract is signed, 
but before they take their pricing decisions. 
We thus emphasize the adjustment of deci- 
sion making to the environment. 

We posit that the manufacturer is risk 
neutral, which can be justified by our as- 
sumption that he (or she) supplies a large 
number of independent markets. We first 
assume that a potential retailer is infinitely 
risk averse; and that he requires that his 
profit in the worst possible outcome (the 
only one he cares about ex ante) be non- 
negative. In Section III, we consider the 
polar case in which potential retailers are 
risk neutral and Section VI shows that our 
conclusions extend to the general case. 
Lastly, we assume that retailers must supply 
demand at the quoted price (this assumption 
simplifies the analysis, but is not restrictive). 

In most of the paper we give the deriva- 
tions only for the case of zero transportation 
cost (t= 0). We call this the case of undif- 
ferentiated retailers. Most of the intuition 
can be obtained from this case. Our con- 
struction of a more general Hotelling differ- 
entiation model serves two purposes, how- 
ever. First, it helps motivate the notion 
of exclusive territories introduced later. Sec- 
ond, when alternative policies are tied in the 
undifferentiated retailers case, nonzero trans- 
portation costs break the tie (see Section II). 


B. Two-Part Tariffs as Optimal 
Contracts 


Let us justify two-part tariffs from (more 
primitive) informational assumptions. To this 
purpose, let us make the following assump- 
tions: (a) The manufacturer can observe only 
the amount of product supplied to a retailer 
and whether or not the retailer carries his 
product. He can observe neither the actual 
quantity sold by the retailer and the latter’s 
profit, nor for the moment the retail price 
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and the area of distribution.” (b) The manu- 
facturer is not allowed to refuse to deal (ex 
post) with a retailer (see fn. 5 below). 

Under these informational assumptions, if 
the manufacturer tries to price discriminate 
according to the quantity bought by retailers 
Q.e., does not charge a constant marginal 
price), and if, as we assumed, he serves a 
high number of independent markets, the 
retailers may set up a secondary market for 
the good (“bootleg”), provided that their 
transportation costs are low enough.’ In the 
extreme case in which the secondary market 
for the product is perfect, the manufacturer 
cannot make money by not charging a con- 
stant marginal price (equal to the secondary 
market price). He can, however, impose a 
franchise fee as he is informed that the re- 
tailer carries his product. Note in particular 
that quantity forcing—an instance of dis- 
crimination—is not effective here. 


Remark: The reader familiar with the tour- 
nament literature may presume (perfect) 
correlation between the two retailers’ en- 
vironments may enable the manufacturer to 


?The nonobservability of a retailer price has two 
alternative interpretations. In the first, the retail price 
itself is not observable, or at least not verifiable by a 
court, because the retailer can give hidden price dis- 
counts to his customers. In the second, the retail price q 
is observed. But the retailer supplies some services 
(effort) that are not verifiable. Suppose that these services 
have monetary value s per unit of good for the con- 
sumer. Also suppose that the cost of supplying these 
services is ®(s) = s per unit of good. Then, by defining 
ğ=q-— s, everything (from the point of view of the 
retailer and consumers) is as if the retailer chose the net 
price ĝ and this net price was not verifiable by a court. 
Thus our model can alternatively be interpreted as one 
of retailers’ incentives. It can easily be shown that our 
models of competition and exclusive territories below 
hold under this alternative interpretation. In particular, 
it is pointless to construct more complex contracts than 
the ones studied here. 

3It may seem strange that in a model in which 
transportation costs may play a role within a market, 
we neglect transportation costs between markets. Three 
justifications can be given for this. First, our results 
hold for zero or negligible consumers’ transportation 
costs within a market. Second, retailers’ transportation 
costs per unit of distance and product may be much 
lower than those of consumers. Third, the retailers can 
be differentiated by other attributes than location. 
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extract more information and use more effi- 
cient contracts. Remember, however, that the 
final sales cannot be observed. Furthermore, 
the existence of a secondary market prevents 
the quantities purchased by the retailers from 
conveying any information. Thus, any in- 
formation that the manufacturer obtains 
about the state of nature must come from 
the retailers’ announcing it. However, these 
announcements are “costless”; and it is easily 
seen that the set of equilibria and payoffs of 
an announcement game between retailers 
organized by the manufacturer is indepen- 
dent of the realized state of nature.4 Hence, 
under the reasonable assumption that the 
retailers consistently coordinate on the same 
announcement equilibrium (i.e., whatever the 
state of nature), the manufacturer does not 
gain by designing such an announcement 
game.° So the two-part tariff is indeed opti- 
mal. The economic intuition behind this rea- 
soning is that the retailers can always coordi- 
nate to announce that they are facing an 
adverse environment. 


H. Market Uncertainty and Extreme 
Retailer Risk Aversion 


A. Competition 


As discussed above, the manufacturer, if 
he cannot control retail prices and areas of 
distribution, offers a two-part tariff to his 
retailers. A contract is, therefore, the choice 
of a franchise fee A and a wholesale price p. 


4At least in the two polar cases of risk aversion or in 
the case of constant absolute risk aversion (this state- 
ment also holds for deterministic equilibria for any 
utility function). The possibility of multiple Nash equi- 
libria in a multi-agent context was noted by Dilip 
Mookherjee (1984). Its implications are particularly 
severe in our model. 

5Our assumption that the manufacturer cannot re- 
fuse to deal with a retailer rules out the ex post auction- 
ing off of the market between the two retailers under 
contract. This assumption is a crude but simple way to 
formalize the idea that the manufacturer needs the two 
retailers. It can easily be derived endogenously from the 
existence of private goodwill (or sufficient differentia- 
tion) or of increasing marginal distribution costs. (In a 
more general model, the number of retailers is in par- 
ticular determined by the efficient scale.) 
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We restrict ourselves to symmetric con- 
tracts, which involves no loss of generality.® 
We compute the equilibrium behaviors, prof- 
its, and welfare given that the two retailers 
compete through prices. 

Initially, we consider the case of undif- 
feérentiated retailers. From the absence of 
differentiation, the two retailers act as 
Bertrand competitors and charge the same 
retail price in equilibrium: q= p + y. Fur- 
thermore, whatever the state of nature, the 
retailers make no ex post profit. The 
franchise fee must therefore equal zero. 

Since each consumer’s demand is {d — 
p-vy}, the manufacturer’s expected profit 
IIS is given by 


I= maxE{(d - p- y)(p- c)} 
= max(d°— p—y°)(p—e), 


where d°= Ed is the expectation of the 
demand parameter and y°= E,y the expec- 
tation of the retail cost. This yields, with 
obvious notation, 


(1) AC=0, 
(2) po =3(d°+ce-y*), 
(3) qo =}(d° +e-y*)+y, 


(4) WS=2(d*-e—y*)’. 


Defining aggregate welfare WC as the 
expected sum of consumers’ and manu- 
facturer’s surpluses (by assumption the re- 
tailers have no surplus), we get 


Wo= E(i(d-4))+ 0° 
or 


(5) Wo=4(d* —c—y*)?+ 403 + 402, 


As explained earlier, p must be the same for the 
two retailers. Furthermore, A governs only the retailers’ 
acceptance decision, but not their ex post behavior. 
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where o? = E,(d — d°} is the variance of d 
and of = E,(y—y°)? is the variance of y. 
Note that for both types of uncertainty 
the retailers’ surplus is equal to zero not only 
ex ante, but also ex post. So, given the 
wholesale price and the retailers’ behavior, 
the franchise fee does an extremely good job 
at capturing the retailers’ surplus. Note also 
that the consumer price q7 adjusts fully to 
retail cost variations and does not adjust to 
demand conditions, so that the final demand 
{x =d-—q} fully responds to both types of 
shocks. These properties will prove to be 
important in the following comparisons. 


B. Exclusive Territories 


Let us now slightly modify our informa- 
tional assumptions by assuming that the 
manufacturer can also observe the areas of 
distribution of the two retailers. In particu- 
lar, he can assign the left-end half of the 
market to the left-end retailer, and the right- 
end one to the right-end retailer.” This prac- 
tice, the exclusive territory arrangement 
(ET), is common in franchise contracts. 
Each retailer buys the product according to 
the two-part tariff as long as he does not 
infringe on the other retailer’s territory; 
otherwise he is heavily fined. We maintain 
our assumption that the manufacturer can- 
not control the retail price, so that the opti- 
mal contract is either a two-part tariff con- 
tract with competition or a two-part tariff 
contract with ET. 

Let us now compute the optimal two-part 
tariff, profit, and welfare under ET. Each 
retailer is a monopoly in his territory. 
Given a wholesale price p and realizations 
of demand d and cost y, he maximizes 
{3(4 — q)(q—- p — y)} over his resale price 
q. So q=3(d+pty); and the retailers — 
ex post profit is 1(d—p—y)*. As he is 
extremely risk averse, the franchise A must 
give him a nonnegative profit in the worst 
state of nature. Thus, 4=}(d—p-jy)?. 
The total franchise fee received by the 


7More complex territorial assignments turn out to be 
unprofitable. 


926 THE AMERICAN ECONOMIC REVIEW 


manufacturer in the market is 2A = 
id -p -7). eal 

The manufacturer’s optimization problem 
can be written 


Les max {4(d - p-¥) 


+E(d-3(d+p+y))(p-o)}. 
This yields 
(6) A’"=3(d-p-7), 
(D: p*?=e+(d*-d)+(¥-Y°), 
(8) g??=3(dtety+(d*—d) 
yy); 
(9) W?=4(d-e-¥) 


tsa aeGey yl, 


(10) W®7=3[d-c—7]+3[(d°—-d) 


+(7- y)| + dg? + see 


Note that under demand uncertainty, the 
wholesale price exceeds marginal cost ( p > 
c). They are equal only in the certainty case 
(d*°=d and y°=y¥). Under uncertainty, a 
wholesale price close to marginal cost is still 
desirable to avoid double marginalization. 
However, the uncertainty faced by a retailer 
under ET decreases with the wholesale price: 
a higher wholesale price means a lower re- 
tailer’s profit margin and therefore a lower 
sensitivity of retailer’s profit to demand and 
cost variations. Thus, increasing the whole- 
sale price above marginal cost has desirable 
insurance properties, in that it transfers risk 
bearing from the retailers to the risk-averse 
manufacturer. 


C. Resale Price Maintenance 
Let us now assume that, in addition to the 


quantity bought by a retailer and the fact 
that the latter carries the product, the 
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manufacturer also observes the retail price 
(see fn. 2 for the limitations of such an 
assumption). A feasible policy then consists 
in fixing the retailer’s retail price, together 
with a two-part tariff for his purchase of the 
product. We call this policy resale price 
maintenance (RPM). In the presence of price 
observability, there may exist better incen- 
tive schemes than competition (two-part 
tariff) and RPM (two-part tariff plus resale 
price fixing). The manufacturer could more 
generally charge a two-part tariff in which 
the franchise fee would depend on the price 
chosen by the retailer (and possibly on the 
price chosen by his competitor), if such a 
contract can be enforced. Unless the law 
prohibits discrimination between retailers 
(which it does in France and the United 
States), focusing on competition and RPM 
involves some loss of generality. But these 
two arrangements are interesting in their own 
right, as they are both simple and frequently 
used. Let us also mention that, in this par- 
ticular model, price ceilings and price floors 
can be shown not to be optimal for the 
manufacturer (they are dominated either by 
RPM or by competition). 

Let us now solve for the best RPM con- 
tract. We assume without loss of generality 
that the same contract is offered to all 
retailers. 

Under RPM, a retailer is rather passive. 
He charges the prescribed price q and ob- 
tains half of the market. His ex post profit is 
{3(d — q)\(q — p — )} in state of demand d 
and cost y. Thus, the franchise must be 
A=3(d—-q\(q—-p-¥) (for g= pt; for 
q<p+7, A=7(d-q\q-p—y¥): it is 
easily shown that one can restrict oneself to 
the situation q > p + 7). 

Resale price maintenance (RPM) adds 
both an extra control variable plus an extra 
constraint (that the price be constant across 
states of nature) to the manufacturer’s maxi- 


SNote that, if the area of distribution is also observ- 
able, ET plus RPM is equivalent to RPM. This property 
may not hold in diferent models (see Mathewson- 
Winter, 1984). 
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TABLE 1— UNDIFFERENTIATED RETAILERS, MARKET UNCERTAINTY, AND EXTREME RISK AVERSION 





Sensitivity of Private Social 
Retail Price to Desirability Desirability 
Retail Price Uncertainty of Restraints of Restraints 
Demand apie! GPT > gf = GRPM dg®7/dd =.5 
(Y =¥, «2 =0) for all d dj‘/dd=0  TIC=TTRPM > AIET fC = RPM > ET 
dgR?M/dd =0 
Cost Uncertainty E,(ge?™) = dg°/dy =1 
(d° = d, o} =0) E,(G®7) > E,(¥) ageT/dy=.5 TIS > TET > RPM C> WET > yrRPM 
dg? /dy =0 


mization problem, which becomes: 


TTR?! = max d- —p-¥ 

aap gampr) 
+ E,(d-q)(p-c)}. 

We obtain 

(1) ARPM=0, 

(12) p°®™=}(d°+c-7), 

(13) qg°®™=3(d°+c+7), 

(14) TERPM=3(d*—c—¥)’, 

(15) WRPM=3(d°—c—¥) + }o2. 


D. Comparisons and Economic Intuition 


We first compare the results obtained so 
far for undifferentiated retailers. Straightfor- 
ward computations lead to Table 1 (“hats” 
are used to denote demand uncertainty, and 
tildes are used to denote cost uncertainty). 
We see that, under demand uncertainty, the 
manufacturer is indifferent between competi- 
tion and RPM (assuming that he can ob- 
serve the retailers’ prices). To break this tie, 
let us consider the case of differentiated re- 
tailers (¢ > 0). The computations are some- 
what tedious. We simply give here the main 
results for slightly differentiated retailers (t 
small, but positive): 


(16) TR?’ > ÎS, 


(17) g®?™ = g° (to the second order in t). 


Note that (16) and (17) imply that the social 
planner also prefers RPM to competition. 

These results, Table 1, and continuity with 
respect to the differentiation parameter 
(which can be checked) lead to the following 
propositions: 


PROPOSITION 1: Jf there is no uncertainty 
(o2 = o? = 0), competition, ET and RPM are 
equivalent, both from the manufacturer? s and 
from the social welfare points of view. The 
retail price and the manufacturer ’s profit are 
equal to the vertically integrated monopoly 
price and profit. 


PROPOSITION 2: Assume that retailers 
are slightly differentiated and extremely risk 
averse. Under uncertaihty, competition, ET 
and RPM are not equivalent: under demand 
uncertainty, the manufacturer prefers RPM to 
competition, and competition to ET. Under 
cost uncertainty he prefers competition to ET, 
and ET to RPM. The social planner does not 
object to these rankings. 


Proposition 1 is familiar from the litera- 
ture: for our model and under certainty, a 
two-part tariff, RPM and ET are all suf- 
cient control mechanisms in the sense of 
Mathewson- Winter (1984), in that they allow 
the manufacturer to. realize the vertically in- 
tegrated profit. 

Proposition 2 summarizes the basic results 
for market demand and cost uncertainty. Let 
us now give the economic intuition behind 
the manufacturer’s choices between competi- 
tion and vertical restraints (welfare aspects 
will be studied in Section V). 
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The manufacturer has two objectives: 

1) To ensure an optimal exploitation of 
monopoly power by the vertical 
structure; and 

2) To provide adequate insurance to his 
retailers. 

These two objectives, which aim at not chok- 
ing final demand and at extracting a high 
franchise fee from the retailers, conflict, as 
we shall see shortly. 

The optimal exploitation of monopoly power 
has been the focus of the literature on verti- 
cal restraints. The manufacturer would like 
the retail price to be as close as possible to 


the monopoly price (the price that would be . 


charged by the vertically integrated industry), 
and this for all states of nature. With linear 
demand this monopoly price is q” = 
(d + c + y)/2. It is responsive, although not 
fully, to demand and retail cost shocks. The 
degree of responsiveness will be the focus of 
our discussion, as the manufacturer can al- 
ways control the average retail price through 
the wholesale price or RPM. 

Consider first exclusive territories. Under 
this restraint, each retailer has an uncon- 
strained monopoly on his territory, and 
therefore chooses the correct response to a 
demand or retail cost shock. The one dif- 
ference with the vertically integrated in- 
dustry is that his fictitious production cost is 
the wholesale price p instead of the marginal 
cost c. Under linear demand, he charges 
q=(d+p+y)/2. So we conclude that ex- 
clusive territories ensure a perfect use of 
decentralized information. To obtain a per- 
fect coincidence of the retailer’s: and the 
vertical structure’s objectives, the manufac- 
turer must avoid a pricing distortion at the 
wholesale level: p= ce. This is indeed what 
he does under certainty (see equation (7)); 
under uncertainty, however, this policy con- 
flicts with insurance as we will see. Second, if 
the manufacturer imposes RPM, the retail 
price exhibits no responsiveness to demand 
and retail cost shocks. (Price ceilings and 
floors do allow some use of decentralized 
information, but are nonoptimal in this 
model.) : 

Lastly let us consider competition. When 
the retailers are undifferentiated, the retail 
price is entirely “cost determined”: g = p + 
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y. As for RPM, this price is insensitive to 
demand shocks. Contrary to RPM, it reacts 
to retail cost shocks; it even overreacts rela- 
tively to the vertically integrated structure. 
When retailers are differentiated, the retail 
price reacts more to demand shocks and less 
to cost shocks, as the competition weakens 
and the structure becomes closer to the ET 
arrangement. From this study, we conclude 
that ET uses decentralized information in a 
more efficient way than RPM and competi- 
tion; it is superior in terms of exploitation of 
monopoly power, as the retail price can be 
fine-tuned to the retailers’ environment. 

We now study the insurance objective. Let 
us first consider competition. If the retailers 
are undifferentiated, Bertrand competition 
ensures that their profit is not sensitive to 
uncertainty, so competition provides perfect 
insurance to the retailers. The profit of dif- 
ferentiated retailers does fluctuate under un- 
certainty, but the insurance properties of 
competition remain fairly good. RPM has 
terrible insurance properties under cost un- 
certainty: the retailers then bear the whole 
risk as they must fully adjust their profit 
margin to cost shocks. Under demand uncer- 
tainty, however, RPM gives perfect in- 
surance. The profit margin is independent of 
the state of nature, and the wholesale price 
can be chosen so that this profit margin be 
zero, in which case the retailers’ profit is 
independent of demand (see equations (12) 
and (13)). This perfect insurance is the rea- 
son why the manufacturer prefers RPM to 
competition under demand uncertainty and 
differentiated retailers. Lastly, consider ex- 
clusive territories. The retailers adjust their 
price to the shocks, but cannot avoid sub- 
stantial fluctuations in their profits. To share 
the retailers’ risk somewhat, the manufac- 
turer is forced to raise the wholesale price 
above the marginal cost, thus introducing a 
double marginalization. 

To summarize: ET makes a better use of 
decentralized information than competition 
or RPM. Competition has very good in- 
surance properties under both types of un- 
certainty. RPM gives perfect insurance un- 
der demand uncertainty, but lets the retailers 
bear the whole risk under cost uncertainty. 
ET has mediocre insurance properties. 
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Let us demonstrate that ET is not opti- 
mal under market uncertainty and infinite 
risk aversion, by noticing that under an ap- 
propriate competitive scheme the manufac- 
turer can always make more than the ET 
profit by (a) requiring no franchise, and 
(b) charging a wholesale price equal to the 
ET retail price in the worst state of nature 
(d and Y) minus the highest possible distri- 
bution cost. The retailers clearly accept such 
a contract. If qg”(p+y,d) denotes the 
monopoly price in state of demand d with 
total input price (p+ y), the manufacturer’s 
profit under ET is 


[d-q™( p®7+¥,d)| 
x[q™( p'7+¥,d)— p*"— 4] 
+E[d—q"(p*" + y,d)|[p#7- cl, 


and, under the proposed competitive ar- 
rangement, it is 


Eld—-(q"(p""+7,4)-7+1)| 
x[q"( p?7+7,4d)-7-c]. 


Using successively the facts that for all d, 
d—q™p®" + ¥,d)<d—q™p*" +7, d) 
(final demand is higher in higher states of 
demand) and that for all y and d, q( p®" 
+ ¥,d)>q"(p*" + y, d) (the retail price in- 
creases with the retail cost under monopoly), 
we see that the manufacturer prefers the 
proposed competitive arrangement to ET. 
The basic idea of this proof is that by impos- 
ing competition, the manufacturer can do as 
well in the worst state of nature (as in the 
certainty case); and he keeps the retail price 
down and thus demand up, in better states 
of nature. This reasoning holds for undif- 
ferentiated retailers. Under differentiation, a 
similar argument can be made that ET is 
dominated by RPM. 

Lastly, under demand uncertainty and dif- 
ferentiated retailers, the manufacturer does a 
little bit better by using RPM rather than 
competition. In the competition case differ- 
entiation introduces a double marginaliza- 
tion which RPM helps suppress. 
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The main conclusions of this section are 
that competition has good insurance proper- 
ties and does relatively well (it is only 
dominated by RPM in the case of demand 
uncertainty and differentiated retailers). 
RPM and ET are far from being substitutes. 
RPM is preferred in case of demand un- 
certainty, while ET scores better for cost 
uncertainty. 


WI. Market Uncertainty and 
Retailer Risk Neutrality 


We now show that the degree of risk aver- 
sion is crucial to the previous rankings. We 
still assume that the manufacturer is risk 
neutral. But we now consider the polar case 
in which the retailers are also risk neutral. 
For simplicity we study undifferentiated 
retailers. 

Under competition, the retailers make a 
zero variable profit whatever the state of 
nature. So risk aversion plays no role and 
(AS p°, 9°, 75 WS) are still given by equa- 
tions (1) through (5). 

Under ET, in state of nature (d,y), a 
retailer charges q =}(d + p + y) and makes 
profit 4(d — p — y)?. The essential difference 
with the extreme risk-aversion case is that 
now the manufacturer can recover this profit 
in expectation, and not only in the worst 
state of nature. So 


(18) ABT =1E(d-p-y)’. 


Maximizing the manufacturer’s profit over 
the wholesale price gives 


(9) pme 
(20) q77=}(d+c+y) 


2 


(21) W®7=1(d*—c—y*) +407 +40? 


(22) WT =2(d*—c—y*) +30} + 302. 


Notice that the manufacturer avoids the 
double distortion by charging a wholesale 
price equal to his marginal cost. 
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Lastly, under RPM, one can easily show 
that 


03) gh? = 
(24) 
(25) 


3(d°+y° +c) 
TTR? = 1(qe— ye cy” 


2 
WRPM = 3(d?—y*—c) +40? 


(A and p are indeterminate). 


PROPOSITION 3: Assume that the retailers 
are risk neutral and nondifferentiated. Under 
either demand or cost uncertainty, (a) the 
manufacturer prefers ET to competition and 
RPM; (b) however, the social planner objects 
to this ranking as he prefers competition to ET 
(and in general to RPM as well). 


. Let us now interpret and draw the im- 
plications of Proposition 3(a) (leaving 3(b) 
for Section V). We note in Section If that 
ET makes better use of decentralized in- 
formation while competition is more efficient 
at providing insurance. We showed that, un- 
der extreme risk aversion, the second effect 
dominates the first so that the manufacturer 
prefers competition. Under risk neutrality, 
however, the second effect disappears, and 
therefore, ET is preferred. Actually, ET even 
enables the manufacturer to realize the in- 
tegrated profit by making each retailer a 
residual claimant for the profits of the verti- 
cal structure. 

The other interesting fact is that the social 
planner does favor competition. This will be 
explained in Section V. 


Remark: As in Section II, we may wonder 
whether we can break the ties by introducing 
a differentiation between the retailers. It 
turns out that, under demand uncertainty 
and retailers’ risk neutrality, competition and 
RPM are always equivalent from both the 
private and the social points of view: Fixing 
a wholesale price is equivalent to fixing the 
retail price, under competition and: demand 
uncertainty. So the vertical structure can re- 
alize the same aggregate profit with the two 
arrangements. Since the manufacturer can 
always capture the retailers’ expected profit 
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under risk neutrality, he also realizes the 
same profit with the two arrangements. 

By contrast, the equivalence between com- 
petition and RPM under cost uncertainty 
and retailers’ risk neutrality is an artifact of 
the linearity of demand (for 3 hay for a 
convex demand curve ÑC > T1®?” 


IV. Idiosyncratic Uncertainty 


Until now we have considered only market 
uncertainty. We can also study the polar 
case in which the two retailers face (indepen- 
dent) idiosyncratic uncertainty. Here we 
naturally focus on cost uncertainty,. as a 
demand shock will most certainly affect in- 
terdependent retailers simultaneously. 

We assume that retailers are not differenti- 
ated and that each retailer knows his com- 
petitor’s cost as well as his own cost when he 
chooses a retail price.? For simplicity, we 
also assume that each firm’s distribution cost 
is distributed according to an exponential 
distribution F(y) = (y — ¥)/¥— Y))5 
where a>0Q (a=1 gives the uniform distri- 
bution) on [y, 7]; and that (7 —y) is “not 
too high,” so that under competition, a re- 
tailer with cost y, charges ( p + y,) when his 
competitor has cost y, >. 

It can be shown that (see the Appendix): 

With infinitely risk-averse (respectively 
risk-neutral) retailers, both the manufacturer 
and the social planner prefer competition to 
ET (respectively, ET to competition). 

RPM is always dominated from both 
points of view (as in the market uncertainty 
case). 

The analysis also suggests that conflicts 
between social and private desirabilities will 
occur for intermediate degrees of risk aver- 
sion. 

In our model, RPM and ET insulate re- 
tailers from intrabrand competition. Thus, 
the degree of correlation between the re- 


He may have inside information, for instance. How- 
ever, we maintain the assumption that the manufacturer 
cannot make the contracts contingent on costs (i.e. 
costs are not verifiable by a court). Had we assumed 
that the retailers do not observe their competitor’s cost, 
we would have used the Bayesian Nash equilibrium 
concept. 
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TABLE 2— WELFARE COMPARISONS 


Demand Uncertainty 


Retail Cost Uncertainty 


Infinite 
Risk Aversion with 
Market Uncertainty 


TiC = ARPM > AET 
WC= RPM y ypeET 


ÑE > ÑET > fyRe™ 


We> WET > WReM 
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Risk Neutrality with Idiosyncratic 
Market Uncertainty Uncertainty 
ET > fe =f! 
WC = RPM > pET 
fteT> fice =frR™ fic 2 ET 
(RPM dominated 
by both) 
WC> WET > yyRPM We = wer 
: (RPM dominated 


by both) 


tailers’ shocks is irrelevant and previous for- 
mulas for the ET and RPM cases are still 
valid. The main difference between idio- 
syncratic and market uncertainties is that, 
under idiosyncratic uncertainty and compe- 
tition, cost differentiation leads to some dou- 
ble marginalization and retailers profit vari- 
ability. Although competition still keeps a 
lid on retail prices (at least under our as- 
sumption that cost differentials are not too 
big), it no longer functions as a perfect 
tournament. 


V. When do Private and Social Objectives 
Conflict? 


Table 2 summarizes our results about the 
private and social desirabilities of vertical 
restraints for undifferentiated retailers.!° 

The main policy issue in our model comes 
from the fact that consumers are left out of 
the contract between the manufacturer and 
the retailers. While the contract is efficient 
from the point of view of the parties that 
sign it, the externality on the consumers may 
call for public intervention.’ 


10 For tie-breaking, see Sections II and III. 

11 Mathewson-Winter (1983a,b,c) show in a wide 
variety of circumstances that, when there is no uncer- 
tainty, vertical restraints increase aggregate welfare. 
Gallini-Winter exhibit a case in which aggregate welfare 
can be higher without any restraint (in particular, the 
manufacturer is prevented from charging a franchise 
fee) than with all restraints. However, this result does 
not hold if franchise fees are allowed, as is usually the 


The analysis shows that private and social 
objectives may well conflict. For instance, 


`. when the retailers are risk neutral, the 


manufacturer-may impose a vertical restraint 
(ET) and the social planner (or antitrust 
authority) may want to restore competition 
between the retailers. 

There seems to be a general bias in our 
model for the consumers to prefer competition 
to ET and RPM. This may seem trivial. As 
competition reduces the retailers’ profit 
margins, one might think that it therefore 
lowers consumer price. However, this rea- 
soning is false, since it ignores the difference 
in wholesale price between regimes. Indeed, 
in the absence of uncertainty, the increase in 
wholesale price exactly offsets the decrease 
in the profit margin (Proposition 1) so that 
the consumers are unaffected by vertical re- 
straints. The reasons why the consumers in 
general prefer competition are in our model 
connected to uncertainty. 

The consumers’ preference for competi- 
tion has two origins. Remember that the 
consumers’ surplus (S= E{(d —q)*/2} = 
((d° — q°)? +var(d — q))/2) decreases with 
the average price and increases with the vari- 
ance of consumption (since it is convex). For 
undifferentiated products and market un- 
certainty, competition scores better on the 





case under current U.S. law. Indeed, a franchise fee in 
their model is a sufficient instrument, so that the manu- 
facturer does not lose anything by not using ET or 
RPM even if he can do so. 
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two accounts: 

1) The expected price is lower under 
competition. 

2) The competitive price is more sensi- 
tive to cost disturbances and less sensitive 
(or at least not more sensitive) to demand 
disturbances than the ET and RPM prices.” 
So in both cases, the variance of consump- 
tion is higher under competition. 

Let us provide some intuition about why 
this is so. 

1’) Let us see why the expected price is 
lower under competition. Again, it is useful 
to start from the no uncertainty case, in 
which the consumer price is the same for the 
three regimes. Let us introduce market un- 
certainty and retailers’ risk aversion. The 
manufacturer then may want to change the 
wholesale price to reduce the retailers’ risk 
(remember that the ex post retailing behavior 
is independent of the ex ante uncertainty and 
risk aversion, so that we can identify changes 
in the wholesale price with changes in the 
consumer price). Under competition, the re- 
tailers’ profit is independent of the wholesale 
price and therefore a wholesale price adjust- 
ment does not help reducing risk. To the 
contrary, under ET or RPM, the manufac- 
turer can in general decrease the retailers’ 
risk by increasing the wholesale price (and 
decreasing correspondingly the franchise 
fee): a lower profit margin means a lower 
variance of profits, as can easily be checked. 
So uncertainty calls for an increase in the 
wholesale price only when the contract 
specifies an anticompetitive restraint. Again, 
lower expected consumer price under com- 
petition can be attributed to the good in- 
surance property of the competitive system. 
Under retailers’ risk neutrality, however, 
competition, ET and RPM lead to the same 
expected price, as could be expected from 
the previous reasoning. 

2’) Let us now see why consumption has 
a higher variance under competition. Con- 
sider first the case of demand uncertainty. 
The competitive price is entirely determined 


12 Because retailers are not differentiated, the con- 
sumer price reacts less to demand disturbances under 
RPM. 
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by cost conditions (from our constant re- 
turns to scale technology); therefore, it does 
not adjust to demand shocks, nor does it 
under RPM. But under ET, the consumer 
price partially adjusts to demand conditions. 
So consumption varies most under competi- 
tion and RPM. Second, consider the case of 
cost disturbances. The competitive price ad- 
justs 100 percent with the retail cost, while it 
adjusts partially under ET and not at all 
under RPM. Again, the variance of con- 
sumption is highest under competition. 

These two effects—lower expected prices 
and higher variance of consumption—create 
a bias in the policy intervention towards 
favoring competition. Indeed, the social 
planner may want to prohibit a privately 
desirable restraint. 

The case of idiosyncratic uncertainty is a 
bit less clear-cut. The idiosyncracy reintro- 
duces monopoly profits and risk under com- 
petition. Thus the general analysis becomes 
more complex. One can nevertheless find 
reasonable conditions on the distribution of 
uncertainty for extreme risk aversion, such 
that, for example, the consumers prefer com- 
petition because the competitive price both 
is lower on average and fluctuates more than 
the price under a vertical restraint. 

A word of caution should be added here. 
Our conclusions hold only if there is effec- 
tive competition between the retailers in the 
absence of restraints. If the retailers can 
collude, the competitive solution closely re- 
sembles the ET one; and preventing the 
manufacturer from imposing anticompetitive 
restraints (assuming he still wants to do so) 
loses much of its interest. 


VI. General Retailer Risk Aversion 
and Demand Function 


We now generalize a number of our re- 
sults to more general objective functions for 
the retailers, and some of these results to 
arbitrary demand functions as well. Each 
retailer has a von Neumann-Morgenstern, 
differentiable, increasing, and concave utility 
function U. His reservation utility is U(0). 
The “general” demand function is denoted 
by D(q, d). It is strictly decreasing and dif- 
ferentiable with respect to the retail price. 
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Throughout this section, we consider only 
undifferentiated retailers and market un- 
certainty (as noted earlier, our points about 
. the effects of competition are made most 
strongly in this pure Bertrand case). 

Let us first study the private desirability of 
vertical restraints. Sections II and II showed 
that, for linear demand, the manufacturer 
prefers competition to ET under extreme 
tisk aversion and ET to competition under 
risk neutrality. Proposition 4 below shows 
that, for a general demand function, when 
the retailers’ Arrow-Pratt index of absolute 
risk aversion increases, the manufacturer 
favors competition over ET more and more. 


PROPOSITION 4: Let U; and U, denote 
two utility functions for the retailers and let 
{IIS, 117, IIS, IIET} denote the resulting 
profits for the manufacturer under competition 
and ET, for a general demand function. Then, 
under demand and/or cost uncertainty, if 


(- U//UY) > (- Uy’/UZ), 


(a) Uf=§ — (b) TIF" < 115". 


PROOF: 

(a) A simple, but important step in the 
proof of this proposition (like in subsequent 
proofs) consists in noticing that, under com- 
petition, the retailers are perfectly insured, 
so that the retailers’ degree of risk aver- 
sion is irrelevant. This holds for any de- 
mand function (in particular, for linear 
demand, formulas (1) through (4) hold regard- 
less of U). 

(b) Let us now show that IIET < II§T. 
This later property actually is a simple con- 
sequence of the Arrow-Pratt theorem as we 
demonstrate shortly. 

Consider. exclusive territories and let 
p, and A, denote the optimal wholesale 
price and franchise fee when the retailers’ 
utility function is U,. Let VC p,d,y) and 
V,,(p,4,y) denote a retailers and the 
manufacturer’s variable profits (V,, is a 
profit per retailer. For linear demand: 
Vip, d, y)=3(d-y-p)? and VAP, d, va 
4(d—y—p)(p-—c)). The manufacturers 
profit per retailer for an ET contract { p, A} 
is {A+ EV,(p,d,y)}, where expectations 
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are taken with respect to the demand and 
cost parameters. Also, in order for a retailer 
to accept the contract: 


(26) EU(-A+V,(p,d,y)) =U(0). 


For utility function U}, the optimal contract 
{ Py, A} satisfies (26) with equality. Thus, 
zero is the certainty equivalent of the gamble 
{—A,+V,(p,, d, y)}. Suppose now that 
the retailers’ utility function is Uj. Then, 
from the Arrow-Pratt theorem, the certainty 
equivalent of the gamble {— A,+V,( pi, 
d,y)} strictly exceeds zero. Thus, the con- 
tract { pı, 4} is accepted for utility U; and 
leaves a rent to the retailer. Hence, for e 
small, the contract {p,,A,+.e} is also 
accepted. This proves that 127 > II#*, since 
the retailers’ ex post decisions depend only 
on the wholesale price and not on the degree 
of risk aversion. 


We next show that for any degree of risk 
aversion, the manufacturer prefers competi- 
tion to RPM (as long as retailers are not 
differentiated). The proof of Proposition 5 
requires the demand function to be (weakly) 
convex (as is the case for instance for linear 
and exponential demands). 


PROPOSITION 5: eee 
(a) For demand uncertainty, [LC = 11®?™, 
(b) For cost uncertainty, if U is strictly 
concave, and D is convex in q, II > IP, 


PROOF: 

(a) Under demand uncertainty and com- 
petition, fixing the wholesale price p. amounts 
to fixing the retail price q = p + y. Further- 
more, the best wholesale price given a fixed 
RPM price q is p=q-— y, because-it gives 
perfect insurance to the retailers, like in the 
competitive case. So, the two arrangements 


_are equivalent. 


(b) Consider cost uncertainty. Let {A®?™, 
gh? pR?M} denote the optimal contract 
under RPM for an arbitrary strictly concave 
function U. Suppose that the manufac- 
turer offers a competitive arrangement, with 
{ po = qR?M— y°, AC = 0}. The retailers, 
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who make a zero profit in all states of na- 
ture, accept the competitive contract. 

Under RPM, a retailer has variable profit 
ED(qRPMY(gRPM— pRPM— y), which must 
satisfy 


Ep(- ARPM 4. Lp (qR?PM) 

x (qRPM — pRPM — y)) =U(0), 
which, together with the strict concavity of 
U, implies 
(27) APPM <4p(q°®™) 


x (qR?™ — pRPM — y‘), 


which, in turn, implies that the manufac- 
turer’s profit satisfies, 


(28) 2ARPM 4 D(qR?M)( pR?M — c) 


< D ghar = ye e c). 


Under the proposed competitive scheme, 
the manufacturer’s expected profit is 


E,(D(q®?™ -y+ yq ™ — ye E c)). 


But, if the demand function is convex, 
(29) E,D(q??™@+y—y°) > D(qR?™). 


Thus, the manufacturer does better under 
the competitive scheme. 


Proposition 5 shows that, for general un- 
certainty and risk aversion and convex de- 
mand, the manufacturer chooses between 
competition and ET (assuming all contracts 
are available). Proposition 4 and Sections II 
and III show that, for general uncertainty 
and risk aversion and linear demand, the 
manufacturer prefers ET if retailers are not 
very risk averse and competition if they are 
risk averse. 
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Finally, let us consider the issue of social 
desirability. We have already noted a number 
of cases in which private and social objec- 
tives conflict. Let us now show that, for 
general risk aversion and linear demand, 
consumers prefer competition to the choice 
of a competition-reducing restraint: 


PROPOSITION 6: Assume demand is lin- 
ear: D(q,d)=d-— q; then for any degree of 
retailers’ risk aversion, expected consumers’ 
surplus is higher under competition than under 
ET or RPM. 


PROOF: 

As discussed in Section V, the expected 
consumers’ surplus decreases with the ex- 
pected consumer price, and increases with 
the variance of consumption. We show that 
competition scores better on both counts. 
We already noticed in Section V that the 
competitive retail price fully responds to the 
retail cost and does not respond to the de- 
mand parameter. Thus, consumption reacts 
at least as much to cost and demand shocks 
under competition as under ET or RPM. 

Therefore, we need only show that the 
average consumer price is lower under com- 
petition. To this purpose, let us start with 
the case of risk-neutral retailers. For a linear 
demand, (3), (20), and (23) show that the 
expected consumer price is the same under 
the three arrangements. Now introduce re- 
tailers’ risk aversion. As we mentioned, the 
consumer price is unaffected under competi- 
tion. 

Consider next ET. To show that the ex- 
pected consumer price is higher under risk 
aversion, it suffices to show that the whole- 
sale price is higher than under risk neutral- 
ity: p?7>c. Suppose that přT< c. Let us 
show that an exclusive territory contract with 
a wholesale price equal to c would make the 
manufacturer better off. To this purpose, let 
A(p) be the maximum franchise fee that the 
manufacturer can impose together with 
wholesale price p: 


(30) EU(— A(p)+V,(p, 8)) =U(0), 


where g=d — y and V,( p, g)=4(g— p)” is 
each retailer’s variable profit. Differenti- 
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ating (30) gives 


B(U'(-(87,/8P))) 


(31) [-4(p)] = Eu’ 


(where A’<0 and @V,/dp <0). Using the 
fact that the covariance with respect to g of 
U’ and (—(@V,/dp)) is negative, (31) im- 
plies 
(32) [-4(p)] s E[-(aV,/ap)]. 
Thus, for p27 <c, 
(33) A(p*7)— A(c) 
€ : 

< f AEC (07,30) d. 
We also know that 
(34) E(V,,(c, g)+V,(c,8)) 

> E(V,,( p,g)+V,(p, 8); 
for any p differing from c ((34) is simply 
implied by the fact that residual claimancy 
for the retailer maximizes aggregate profit in 


all states of nature). Equations (33) and (34) 
then imply that 


(35) [A(c)+ E(YV,,(e, g))] 
—[A(p*") + E(V,,(*7, 2))] 
= f (E(-(a¥,/ap))) d 
—[E(V,(p*7, g))- E(¥,(c, g))] 


| = f „(EC (8V,/3P))) dp 
- E| f° (= (07,73) d) =0. 


Thus, we conclude that a wholesale price 
lower than c under ET is not optimal. 
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Lastly, let us consider RPM. Under de- 
mand uncertainty we know that RPM is 
equivalent to competition. Thus, let us con-. 
sider cost uncertainty. Again, if the retailer 
is risk neutral, the consumer price, q* say, is 
such that aggregate expected profit is maxi- 
mized. q* is also the expected price under 
competition. Let us show that, under risk 
aversion, q??™M > g*. To this purpose, let us 
consider a family of RPM contracts such 
that (q — p) is constant. This will enable us 
to use a reasoning similar to the one for ET. 
Let us for this family of contracts introduce 
the following notation: V,(qg,y) and V,,(q) 
denote each retailer’s profit and the manu- 
facturer’s profit per retailer, when p is ad- 
justed so as to keep (qg— p) constant (for 
instance, in the linear demand case, V,(q, Y) 
=1(d-qk—y) and V,(q) =1(d—q)x 
(q — k — c), where k= q-— p is a constant). 

Let A(q) be defined by 


(36) EU(— A(q)+¥,(4,7)) =U(0), 


where expectations are taken with respect to- 
y. Differentiating (36) and using the negative 
covariance between U’ and (—(0V,/0q)) 
gives: 


[= ara) - EEC OAD 


< E(-(3V,/3q)), 


(37) 


which implies 


(38) A(q*?™)— A(q*) 


< f E(-(a¥,/aq))dq 
ghPM 


if gRPM < g*. 

Next, we observe that q* maximizes. 
E(V.(q, Y) + Va (q)]. So for all q, 
(39) E[V,(9,7)+V,,(9)] 


<E[V,(q*,y)+V,,.(4*)]. 
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Using (38) and (39), we obtain, for g®?” 
* 


<q, 


(40) [4(q*?™)+¥,,(q*?™)] 
—[A(q*)+¥,,(4*)] 


< fË E(-(8¥,/8q))dq 
gM 


= E( f7, (-(a¥,/8q))4a] =0. 


This shows that a RPM contract with g®?” 
<q* cannot be optimal for the manufac- 
turer. The latter could raise his profit by 
offering an alternative RPM contract with 
resale price g*. We thus conclude that the 
expected consumer price under RPM ex- 
ceeds q*, that is, exceeds the expected con- 
sumer price under competition. 


We now conclude by showing that, under 
linear demand, competition is always so- 
cially optimal: 


` PROPOSITION 7: Under linear demand, for 
any degree of retailer risk aversion, aggregate 
welfare under competition exceeds those under 
ET and RPM. 


PROOF: 

As before, retailers are put at their re- 
servation utilities, so that their welfare needs 
not be taken into account for welfare com- 
parisons. Thus, we want to show that, under 
linear demand, 


(41) TI°+ S¢> max{Il2?+ SET, 


TT R?PM + SAM) : 


That welfare is higher under competition 
than under RPM is a direct consequence of 
Propositions 5 and 6, which show that both 
the manufacturer and the consumers prefer 
competition to RPM. 
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Let us now show that welfare is higher 
under competition than under ET. First 
notice that 


(42) s¢—s*7=[3(g*—c)°+ 409] 
—[3(g*- p27) + 402], 


where g = d — y. From the proof of Proposi- 
tion 6, přT >c. Equation (42) then implies 
that 


SC- ST a $o. 


(43) 
To complete the poo notice that, from 
Proposition 4, (IL#T— IIC ) is highest when 
the retailers are risk neutral; and that for 
risk-neutral retailers, from (21) and (4), we 
have: Il¥7—TI°=4o?. 

Proposition 7 implies that for market 
uncertainty, undifferentiated retailers and 
linear demand, anticompetitive restraints 
should always be prohibited. 


VII. Conclusion 


The following conclusions emerge from 
our analysis: 

1) Under incomplete information about 
the retailers’ environment, the manufacturer 
may not want to impose vertical restraints, 
even if he (or she) possesses the information 
required to do so. The efficiency in using 
decentralized information and the insurance 
properties of vertical restraints have to be 
compared with those of the competitive 
policy. On the whole, the competitive policy 
scores well for market uncertainty and ex- 
treme risk aversion, because its “tourna- 
ment” aspect insures the retailers. It does 
not do as well when the retailers are not very 
risk averse. 

When the consumer price is not observa- 
ble, or at least not verifiable by a court, the 
manufacturer’s choice between ET and com- 
petition depends on the retailers’ risk aver- 
sion. As noted in Section I, Part B, the 
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choice of consumer price by a retailer is but 
a form of moral hazard. Alternatively, one 
could assume that the manufacturer is able 
to monitor the consumer price, but not some 
selling effort levels exerted by the retailers. 
The manufacturer then faces the same 
tradeoff between an efficient, because uncon- 
strained by product competition, use of de- 
centralized information (ET), and and effi- 
cient provision of insurance, that is, a better 
capture of the retailers’ informational rent 
(product competition). In this sense, our 
paper studies product competition as an in- 
centive device. It differs from the contribu- 
tions by Oliver Hart (1983) and David 
Scharfstein (1985) in that competition occurs 
between agents working for the same prin- 
cipal, and thus is a choice variable for the 
latter. 

2) A major contribution of the earlier 
literature on vertical restraints is to have 
shown that RPM and ET can be substitutes 
(R. Bork, 1965--66). Here we shade this view 
somewhat by finding that the two policies 
behave fairly differently under uncertainty. 
The two standpoints actually are not incon- 
sistent as they address different problems. 
The earlier literature emphasized that RPM 
and ET both insulate retailers from in- 
trabrand competition. Thus, they both can 
be used to solve the free-rider problems in 
local sale efforts and postsale services. This 
paper ignores the free-rider issue, and focuses 
on the delegation problem under incomplete 
information. ET clearly uses decentralized 
information more efficiently than RPM. But 
RPM has better insurance properties in the 
case of demand uncertainty. The search for 
the best control policy for the manufacturer 
(when restraints are feasible and effective) 
must rest on a fine analysis of the type of 
uncertainty (cost/demand, market /idiosyn- 
cratic) and of the retailers’ degree of risk 
aversion. 

3) Another major contribution of the 
earlier literature on vertical restraints is to 
have shown that per se illegality of such 
restraints has no economic foundations 
(for example, Spengler; Telser; Richard Pos- 
ner, 1976, 1977; Oliver Williamson, 1975; 
Mathewson- Winter, 1983a; Blair-Kaserman). 
The legal status of vertical restraints is fairly 
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involved. Roughly, in the United States, 
competition (franchise fees) is presumptively 
legal; ET, after being illegal per se, is now 
subject to the rule of reason; and RPM 
suffers from per se illegality except in states 
which have passed a fair trade law. Recently, 
Posner (1981) has suggested that vertical re- 
straints ought to be legal per se (unless they 
result from a dealers’ cartel, which is not the 
case in this paper). Our paper does not sup- 
port this claim. The planner may well favor 
competition over the manufacturer’s choice 
of a vertical restraint. Section V and Prop- 
ositions 6 and 7 emphasize the social 
planner’s bias in favor of competition. So at 
the current stage of research, the rule of 
reason seems safer. As Posner (1977) notes, 
however, the rule of reason places a heavy 
burden of analysis on the antitrust judge. 
Analysis such as the one presented in this 
paper may in the long run provide some 
guidelines for the application of this rule. 
Much work remains to be done. First, this 
paper focuses on the interaction between the 
use of decentralized information, double 
marginalization and insurance. We did not 
consider other important vertical issues such 
as the provision of selling effort (see above 
item 1, though). Second, another yet missing 
piece of the theory ought to explain why the 
antitrust authorities commonly use only ele- 
mentary controls over vertical structures such 
as the prohibition of vertical restraints. The 


-antitrust authorities’ limited information 


about the environment will be a key to 
answer this query. Third, we have assumed 
that there is a competitive supply of re- 
tailers. This may be reasonable as long as 
retailers invest little in their relationship with 
the manufacturer and if they do not possess 
attributes, such as location and facilities, 
that make them special to the manufacturer. 
Otherwise retailers have some bargaining 
power (see Williamson). The outcome may 
move towards a dealers’ cartel. The study of 
retailers’ bargaining power can provide a 
link between the theories of vertical and 
horizontal restraints. Lastly, we would want 
to consider the link between competition at 
the upstream level and vertical restraints. All 
these questions must await further treat- 
ment. 
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APPENDIX 
Idiosyncratic Uncertainty 


Here we give the results only for a uni- 
form cost distribution on [y, 7]. The same 
results can be shown to hold for general 
exponential distributions. 

Let us first assume that the retailers are 
infinitely risk averse. It can easily be shown 
that, as in the market uncertainty case, RPM 
is inferior to competition and ET from both 
the manufacturer’s and the social planner’s 
points of view. So we compare competition 
and ET. 


1. Competition. The franchise fee must equal 
zero as each retailer makes zero profit for 
some states of demand. 

Note that, if the cumulative distribu- 
tion function of each retailer’s cost y; is F(-), 
the cumulative distribution function of 
Y° = sup{ Yı» Y2} is given by F%-)= F?(-). 
Straightforward computations then lead to 


(A1) AC =0 
(A2) gen E 
(where y% = Ey®=4y¥+ 3Y >y, for the 


uniform Piela e 


(A3) g=}(d+e-y%)+y? 
(A4) ÑC =}(d- c- y)? 
(AS) Wo=3(d—c—y%) +30? 


(where o? = E(y°~ y°)? = 4/18 < o? = 
A’/12, for the uniform distribution, and 
A=¥—y). 


2. Exclusive Territories. Under ET, the out- 
come is the same as in the case of market 
uncertainty for each realization of the cost 
parameter: the degree of correlation is irrele- 
vant as long as territories are exclusive. So 
{407P ~ ET yan ÑT, WET) are given by 
equations (6 through (10). 

It is possible to show that, under our 
assumption that 7 is not too high relative 
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to y, (9), (10), (A4), and (A5) imply that 
11> 14" and WC > WET. The consumers 
prefer competition as from (8) and (A3), 

(i) EG?? — EC = 3(7— y°*) > 0; 

(ii) of? > 407 (the consumer price un- 
der competition (which fluctuates like y°) 
has a higher variance than the consumer 
price under ET (which fluctuates like y/2)). 
See Section V for a broader discussion of 
consumers’ welfare.? 

If retailers are risk neutral, these results 
are no longer valid. Actually in this case, 
both the manufacturer and the social planner 
prefer ET to competition and competition to 
RPM. To check this point, it suffices to note 
that in the case of ET, the nature (idiosyn- 
cratic or not) of uncertainty is not relevant 
when deriving the optimal tariff policy. Since 
ET allows the manufacturer to realize the 
vertically integrated profit under risk neu- 
trality, [27> ÑC. So the manufacturer im- 
poses a vertical restraint. It is also possible 
to show that, for an exponential distribution, 
WET > WC. (The expected consumer price is 
lower under ET, but the variance of the 
consumer price is higher under competition.) 

Thus, for idiosyncratic uncertainty, no 
conflict between private and social objectives 
arises if we restrict ourselves to exponential 
uncertainty and one of the two polar cases 
of risk aversion. But the analysis clearly sug- 
gests that conflicts will arise if we look at 
more general specifications. 


13While (7) holds for any distribution, (ii) may not 
hold for distributions that are not well-behaved (for 
instance, (ii) is not satisfied by a two-point distribution 
with most of the weight on the high value). 
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Installed Base and Compatibility: 
Innovation, Product Preannouncements, and Predation 


By. JOSEPH FARRELL AND GARTH SALONER* 


A good is often more valuable to any user, the more others use compatible goods. 
We show that this effect may inhibit innovation. If an installed base exists and 
transition to a new standard must be gradual, early adopters bear a dispro- 
portionate share of transient incompatibility costs. This can cause “excess inertia.” 
The installed base, however, is “stranded” if the new standard is adopted: this 
may create “excess momentum.” These dynamic effects have strategic implica- 


tions. 


When compatibility is important, an in- 
stalled base of durable goods or training 
may affect the likelihood and desirability of 
innovation. In this paper we analyze the 
private and social incentives for the adop- 
tion of a new technology that is incompati- 
ble with the installed base. 

The benefits from compatibility create de- 
mand-side economies of scale: there are ben- 
efits to doing what others do. These benefits 
make standardization a central issue in many 
important industries. There are three main 
sources of these benefits. The first is inter- 
changeability of complementary products such 
as computer software, VCR tapes, phono- 
graphic records, cassette tapes, and camera 
lenses. The second is ease of communication 
(between people or between people and ma- 
chines). The most important example is that 
of telecommunications networks: the value 
to each telephone subscriber depends on the 
number of other people on the network. 
Other examples include standardized type- 
writer keyboards or machinery (this makes 
learned skills more widely usable), weights 
and measures, and, of course, language itself. 
The third is cost savings: standardization, 


*GTE Laboratories, 40 Sylvan Road, Waltham, MA 
02254 (visiting UC-Berkeley, 1986-87), and Depart- 
ment of Economics, Massachusetts Institute of Technol- 
ogy, 50 Memorial Drive, Cambridge, MA 02139 (visit- 
ing Graduate School of Business, Stanford University 
and Hoover Institution, 1986-87), respectively. Saloner 
thanks the National Science Foundation, grant no. IST- 
8510162, for financial support. We both thank the 
referees for helpful comments. 
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especially interchangeability of parts, facili- 
tates mass production.! 

In the presence of compatibility benefits, a 
user who switches to a new, superior tech- 
nology cannot obtain its full benefit unless 
other current users also switch and new users 
adopt the new technology. This creates the 
possibility of “excess inertia”: a socially ex- 
cessive reluctance to switch to a superior 
new standard when important network ex- 
ternalities are present in the current one. 

In an earlier paper (1985), we examined 
this problem in a model in which all users 
have the opportunity to adopt the new tech- 
nology at essentially the same time, that is, 
payoffs depend only on who switches, not on 
when they switch. We found that symmetric 
excess inertia (a Pareto-superior new tech- 
nology not being adopted) could not occur 
with complete information,” although it 
could occur with incomplete information.’ 


1This categorization is not exhaustive. For example, 
servicing of automobiles is cheaper and easier to obtain 
for common models because they are more familiar to 
mechanics and because spare parts are more widely 
available. (See our 1985 paper and Michael Katz and 
Carl Shapiro, 1985, for other examples.) 

2The intuition for this result can be obtained by 
considering a sequence of N decision makers contem- 
plating switching, and using a backwards induction 
argument. If everyone else has switched, the Nth deci- 
sion maker will choose to switch. But then the (N —1)st 
decision maker can be certain that it will be followed in 
a switch by the Nth decision maker if its predecessors 
have all switched. Thus it too will find it optimal to 
switch, and so on. (See our 1985 paper, Sec. 2.) 

3With incomplete information about the benefit of 
the network externalities to others, no firm can be sure 
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In practice, however, not all users have the 
same opportunities at a given time: when 
innovation is unexpected, new users have an 
option that was unavailable to previous users, 
and, moreover, those (the installed base) who 
had previously adopted the old technology 
may be at least somewhat committed. As a 
result, if the technology is adopted, it will 
take time for its network to grow. 

These delays in building a network on the 
new standard can create inefficiencies. An 
early adopter of the new technology creates 
at least transient incompatibility. While this 
is a social cost of the innovation, the private 
costs and benefits may not accurately reflect 
the social ones. In our earlier paper (1985), 
any permanent incompatibility was impor- 
tant, but, since we ignored interim payoffs, 
any transient incompatibility did not mat- 
ter. The two models we analyze here, on the 
contrary, emphasize that effect. 

In the first model, we assume that the 
network on the new technology is built up of 
new users, and that old users who switch do 
not significantly contribute to it. In our sec- 
ond model, we assume by contrast that new 
users are negligible, and that the new net- 
work is built up through old users switching. 
The delays in building a substantial new 
network are caused in the first case by the 
time it takes for enough new users to arrive, 
and in the second by the time it takes for old 
users to switch. Before going to the formal 
treatment, we informally discuss the two 
models, 

A Model with New Users. First, we con- 
sider the case in which the new network 
must be built up through adoption by new 
users. This is a reasonable assumption if old 
users switch slowly, compared to the arrival 
rate of new users. We suppose that there is a 
continual stream of (infinitesimal) new users. 
We examine what determines whether a new 
(and unexpected) technology gets adopted 
and emerges as the new standard. 

The following examples may illustrate 
what we have in mind: there was a large 





that it would be followed in a switch to the new 
technology. This uncertainty can lead all the firms to 
remain with the status quo even when in fact they all 
favor switching, because they are unwilling to risk 
switching without being followed. 
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installed base of “Standard 8mm” movie 
cameras and projectors when “Super 8” was 
introduced; the “QWERTY” keyboard was 
ubiquitious by the time the Dvorak key- 
board became available (see Paul David, 
1985); and the motor car was invented at a 
time when there was a substantial installed 
base of horse-drawn carriages and streetcars. 

As we show in Section I, the presence of 
the installed base causes a disparity between 
the social incentives for the adoption of the 
new technology and the private incentives 
facing individual decision makers. There are 
two externalities. First, adoption of the new 
technology affects the users of the old tech- 
nology. Their network ceases to grow, and 
may even shrink as some current users 
abandon their old equipment for newer 
equipment that uses the new technology. For 
instance, when Super 8 was introduced, re- 
cent buyers of Standard 8 equipment found 
that Standard 8 film became harder to ob- 
tain, and delays in processing grew. They 
suffered a loss, therefore, from the introduc- 
tion of Super 8—especially relative to the 
benefits they had expected. This loss was not 
taken into account by the sellers or the buyers 
of the new Super 8 technology. Second, an 
early adopter of the new technology en- 
hances its appeal to later users (and reduces 
the appeal of the old). In general, he or she 
does not appropriately take this into account. 

In our model we consider the game be- 
tween users who arrive at different times. 
Each decides which technology to adopt, 
given what others have done. The equi- 
librium outcome depends on the size of the 
installed base when the new technology is 
introduced, how quickly the network benefits 
of the new technology are realized, and the 
relative superiority of the new technology. 
The parameter space representing these at- 
tributes can be divided into three regions: In 
the first, the unique perfect Nash equi- 
librium is that the new technology is adopted; 
in the second, it is that it is not adopted; and 
in the third, both these outcomes are equi- 
libria.* 


*The multiple equilibria arise from the fact that the 
outcome may depend on new adopters’ expectations 
about what other adopters will do. If each user expects 
everyone (no one) else to adopt he will usually also 
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Because there are unique equilibria in some 
regions, we can illustrate unambiguously how 
the two externalities discussed above can 
lead to inefficient technology choice. Sup- 
pose, for example, that the new technology is 
far superior to the old in the long run (i.e., 
once the network is large), but that it would 
take a long time for the network to become 
established. Early adopters of the new tech- 
nology would bear a disproportionate share 
of the transient incompatibility costs. They 
may be unwilling to do this. In that case, the 
unique equilibrium is that the new technol- 
ogy is not adopted, despite the long-run 
benefits. This is more likely to occur if the 
installed base is large, or if the new technol- 
ogy is unattractive when it has only a few 
users. Thus the installed base may cause 
excess inertia. The Dvorak keyboard’s failure 
to displace the less efficient QWERTY key- 
board may be an example of this.” Once the 
first potential adopters decide not to adopt 
the new technology, of course, the excess 
inertia only becomes worse. 

Excess momentum—the inefficient adop- 


tion of a new technology—can also arise.. 


Suppose that the new technology offers the 
first potential adopter an advantage over the 
current technology. He (or she) may be will- 
ing to adopt the new technology even though 
it will be a long time before the network is 
established. Once he adopts it, the new tech- 
nology becomes even more attractive for later 
users, and the unique equilibrium may be 
that it is adopted. Excess momentum may 
result, because of the “stranding” (or “orphan- 
ing”) externality, which hurts the users com- 
prising the installed base. 

Because the size of the installed base may 
critically affect adoption, it may constitute a 
barrier to entry. Not only does the presence 





adopt (not adopt). Imposing rationality on these expec- 
tations sometimes leads to a unique equilibrium, but 
not always. Where multiple equilibria exist, which equi- 
librium prevails may depend on which is more “focal” 
(see Thomas Schelling, 1960, for a discussion of this). 
The incentive to make an outcome more focal than 
another may lead to large investments in advertising 
and to “introductory” pricing. 

*See David for the history of the typewriter key- 
board. 
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of a barrier affect efficiency, but firms will 
have an incentive to take actions to buttress 
it. One such action that has been alleged in 
antitrust litigation is the announcement of 
future availability of a new product.® Defen- 
dants have been charged with making a 
“premature announcement” or a “predatory 
preannouncement” in order to discourage 
existing customers from switching to another 
supplier and to encourage those intending to 
buy soon to wait, and thus not become part 
of the “installed base.” No formal models 
have been developed to deal with this ques- 
tion. However, several authors have claimed 
that preannouncements cannot be anticom- 
petitive. For example: 


In general, there is no reason to inhibit 
the time when a firm announces or 
brings products to the marketplace. 
Customers will be the final arbiter of 
the product’s quality and the firm’s 
reputation... . Advance announce- 
ments of truthful information about 
products cannot be anticompetitive. 
Indeed, such announcement is procom- 
petitive; competition thrives when in- 
formation is good. 
[Franklin Fisher, John McGowan, 
and Joen Greenwood, p. 289]? 


However, when there are significant net- 
work externalities, the timing of the an- 
nouncement of a new incompatible product 
can critically determine whether the new 
product supersedes the existing technology. 
In that case, because of the externalities 
arising from the installed base, a prean- 
nouncement can sometimes secure the suc- 
cess of a new technology that is socially not 
worth adopting, and that would not have 
been adopted absent the preannouncement. 

The intuition for this result is the follow- 
ing: With a preannouncement, two effects 
favor the new technology. First, if some users 
decide to wait for it, the network benefits 


®See Franklin Fisher, John McGowan and Joen 
Greenwood (1983) for a discussion of “predatory pre- 
announcements” in the IBM case. 

7Similarly, Robin Landis and Ronald Rolfe state: 
“...the welfare of consumers can only be increased by 
having additional correct information that is relevant to 
their purchasing decision” (1985, p. 140). 
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when the new technology is introduced (and 
adopted by those users) will be larger than 
otherwise. Second, the installed base on the 
old technology will be reduced by the num- 
ber of users who wait. In some cases, the 
unique equilibrium without a preannounce- 
ment is that the new technology is not 
adopted, while with a preannouncement it is 
adopted. Of course, the potential users who 
decide to wait are indeed well-informed 
“arbiters of the product’s quality” and their 
welfare is increased, but they are not the 
only ones who matter. Their adoption of the 
new technology affects both the users in the 
installed base and later adopters who might 
have preferred the old technology to the 
new. Thus, the preannouncement may re- 
duce welfare. 

Another strategic action that can exploit 
the installed-base effect is predatory pricing. 
An incumbent monopolist supplying the old 
technology may face a threat of competitive 
entry by a new technology. One weapon he 
can deploy against this is to engage in tem- 
porary price reductions, thus keeping the 
competition at bay, until his proprietary 
technology has so large an installed base that 
incompatible competitive entry becomes im- 
possible. Because of the installed-base effect, 
predation can prevent future entry. 

A Model without New Users. In our sec- 
ond model, we suppose that there are no 
new users: the network on the new technol- 
ogy must be built up through the switching 
of users from the old technology. By switch- 
ing, a user encourages others to switch in 
two ways: the new network is made more 
attractive; the old less so. In our model, we 
assume that there are just two users, and 
that once one has switched the other will 
surely want to follow. 

Where the users are firms, each firm’s 
eagerness to switch will depend, inter alia, 
on the condition of its current equipment 
(does it need replacing anyway?), how well 
its current product line. is doing (does the 
firm have other reasons to change the prod- 
ucts it is offering?), whether it is already 
planning to add new capacity, etc. Looking 
forward the firm will thus be uncertain about 
when it will be advantageous for it (and for 
its rivals) to switch. We model this uncer- 
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tainty about unpredictable eagerness to 
switch by supposing that “opportunities to 
switch” for each firm arrive randomly over 
time. (In particular, we assume that these 
opportunities follow a Poisson arrival pro- 
cess.) When such an opportunity occurs, the 
firm has a choice: it can switch now, or it 
can wait until its rival has an opportunity to 
switch, hope its rival switches at that oppor- 
tunity, and then switch itself at its next 
opportunity. 

In equilibrium, the firms may switch too 
reluctantly (excess inertia), too eagerly (ex- 
cess momentum), or efficiently. The possible 
inefficiencies arise from two externalities in 
the model. First, when a firm switches, its 
rival loses some network benefits while they 
are using incompatible technologies, and the 
switching firm ignores this in its calculations.® 
Second, even if users unanimously favor a 
switch, each user may prefer the other to 
switch first.? As a result, switching may be 
delayed. 

Adoption decisions will in general depend 
on prices. However, since we focus on the 
effects of the network externalities, we treat 
price as exogenous and suppress it. This is 
appropriate if the technologies are com- 
petitively supplied: W. Brian Arthur (1983) 
calls this “unsponsored technology.” Michael 
Katz and Carl Shapiro (1986) discuss the 
effects of sponsorship. We consider price 
explicitly only when it has a strategic role, 
namely in our discussion of preannounce- 
ments and predation. 

The paper is organized as follows: Sec- 
tion I presents the model with new users. Sec- 
tion II presents the model with no new users 
and a Poisson arrival process of switching 
opportunities. 


I. A Model with New Users 


In this section we study a model in which 
potential users arrive over time. Before time 


Indeed, this harm to the rival may provide an added 
incentive to switch if structural conditions are such that 
predation is possible. 

°We call this the penguin effect. Penguins who must 
enter the water to find food often delay doing so 
because they fear the presence of predators. Each would 
prefer some other penguin to test the waters first. 
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T *, only technology U is available. At T*, a 
new technology, V, becomes available. Until 
we discuss preannouncements, we assume 
that the new technology is unanticipated. 
Those who adopted U before T* do not 
switch, while subsequent users can choose 
which technology to adopt. 

For simplicity, we suppose that users are 

infinitesimal and arrive continuously over 
` time with arrival rate n(t)>0 (ie, we do 
not study shrinking markets). Write N(t) = 
fgn(t’)at’. Denote by u(x) a user’s flow of 
benefits from technology U when the size of 
the U network is x (i.e., when the set of 
users of technology U has measure x). The 
presence of network externalities implies that 
u’(x) > 0. For reasons that will become clear 
when we discuss equilibrium, we focus on 
two extreme possibilities. If everyone from 
T* onwards adopts the new technology V, 
we call this the adoption outcome. If nobody 
adopts V, we call it nonadoption. 

In the case of nonadoption of V, a user 
who adopts U at time T gets a present-value 
payoff of 


(N(t))e-"-Dat, 


OD a(T)=f u 


where r is his or her discount rate. 
Periodically we will construct examples 

using the linear case: 

n(t)=1; N(t)=t 

u(x) =a-+t bx (so u(t) =a + bt). 
Here a represents the “network-indepen- 
dent” benefits: the value to a user if there 
are no other users in the network. At time ¢, 
the network has grown to size t, giving rise 
to network-generated benefits of bt. For this 


10 Consumers’ surplus is thus u(T) minus the price 
of technology U at time T. If we assume that price is 
constant over time and across technologies, then prices 
are common to most comparisons and can be ignored. 
While this is not realistic, it considerably simplifies 
notation and involves no loss of insight. The only 
comparison for which price is relevant is when the 
owner of a U machine considers scrapping it to buy a 
V machine. We assume that the price is high enough 
that this will not happen. 
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case, we have 


(2) aT) =f" (at bt)e "Pat 
T 

a 00 af 

sesh (7+T)e "dr 


= (a+bT)/r+(b/r?). 


This has an appealing interpretation. The 
user who adopts the technology at time T 
join a network of size T, and so gets an 
initial benefit flow (a + bT). The net present 
value of benefits if the network size remains 
unchanged is (a+ bT)/r, which is the first 
term of the expression. Naturally, this is 
increasing in a,b, and T and decreasing in 
r. The second term, b/r?, gives the benefit 
to the adopter at time T from the future 
growth in the network." This term is in- 
creasing in b, the rate of network growth. 

Similarly, we define the net present value 
of benefits to a user who adopts the old 
technology at time T and is the last user to 
adopt it. This is 


a(T) =u(N(T)) [eny 


=u(N(T))/r. 


In the linear case this is (a + bT)/r. 

We define similar functions for the new 
technology V. Note, however, that when V is 
introduced, U already has an installed base 
of size N(T *). Therefore, if all new adopters 
after time T* use V (and no current users of 
U switch), the benefit flow at time t> T* 
from using V is v(N(T)— N(T*)). The 
analogous expression to (1) is 


(3) aT) = f oN- NT) 


xet- Ddt forT>T*. 


Each unit of time the network grows by b. The net 
present value of benefits from this increase in the net- 
work size (evaluated at the time the growth occurs) is 
b/r. Thus the growth gives rise to a benefit stream of 
b/r per unit of time, which has a present value of 
(b/r)/r = b/r*. It is this component of u(T) that is in 
jeopardy from the introduction of new technology. 
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In the linear case we suppose that 
v(x) =c+dx=ct+d(t-T*). 


Thus V can be superior to U in either of two 
ways: It can offer a higher network-indepen- 
dent benefit (c> a), or it can have higher 
` network-generated benefits (d >b). In this 
linear case we have 


5(T) = f" let a(r- T*)]e Ma 


c+d(T-T*) d 
= ——— +- forT2T*. 
. r r 
The interpretation here is the same as for 
(2). Also 5(T) is given by the first term of 
v(T) as before.. 


A. Equilibrium 


A strategy for the user who arrives at time 
t>T* consists of a choice of U or V as a 
function of what has happened before ż, that 
is, the choices of those users who arrived 
between T* and t. A Nash equilibrium 
specifies a strategy for each player that is 
optimal for him given the strategies of others. 
We now examine the Nash equilibria of the 
game and ask whether they are efficient. 

In this game, there is a bandwagon effect: 
if a set of users adopts one technology, then 
that same choice thereby becomes more at- 
tractive to all other users. Accordingly, we 
focus on the two extreme possible outcomes: 
adoption and nonadoption. (Except for 
knife-edge cases, these are the only equi- 
libria.) ; 

Adoption is a subgame-perfect Nash equi- 
librium if d(T *) > ü(T*). For then, if the 
first user to choose expects everyone else to 
adopt V, it is optimal for him to do likewise; 
and subsequent adopters then find the com- 
parison all the more favorable to V. More- 
over, because users are infinitesimal, any de- 
viation from equilibrium by a single user will 
not affect the calculations of subsequent 
users, so the Nash equilibrium is indeed 
subgame perfect.!? 


12Tf we had a finite set of users, it could be that this 
Nash equilibrium is not perfect. If users are not infini- 
tesimal, they may be able to affect later users’ decisions. 
For a discussion of this strategic bandwagon power, see 
our earlier paper (1985). 
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FIGURE 1: THE LINEAR EXAMPLE 


If ö(T*) < a(T*), on the other hand, then 
it is a dominant strategy for all users close 
enough to T* to choose U. Once they have 
done so, the installed base on U is all the 
larger and so later users will also adopt U. 
Figure 1 illustrates this in the linear case 
with d >b and a>c>0. When a few users 
just after T* adopt U, the o(¢) curve shifts 
horizontally to the right. Consequently, 
u(T)— v(T) is even larger for T>T* than 
at T*. In this case, then, nonadoption is the 
unique equilibrium. 

Similarly, if u(T*)>o6(7T*) then non- 
adoption ‘is a (subgame-perfect) Nash equi- 
librium, because users near T* will prefer U 
if they expect.later users to adopt U, and 
later users will then find U all the more 
attractive. If u(T*)<6(T*), then it is a 
dominant strategy for early choosers to 
choose V, and once the bandwagon is rolling 
this dominance can only be strengthened: 
adoption is the unique equilibrium.” 


13There is another case in which adoption is the 
unique equilibrium. Suppose that users are discrete 
rather than infinitesimal, and that (i) 0(t) > u(t) for all 
t, and (ii) 6(t) > u(t) for all t > T’ for some T’. Then 
if all users between T* and T’ adopt V, it becomes a 
dominant strategy for later users to adopt V. Knowing 
this, it is optimal for the last user before T’ to choose V 
if all previous users did so. Continuing by backwards 
induction in the usual way, we see that adoption is the 
unique perfect equilibrium. This is similar to Proposi~ 
tion 1 of our earlier paper (1985). 
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Since generally “(7 *) > a(T *) and v(T*) 
> 5(T*), at least one of the conditions, 
u(T*)>o6(T*) or ö(T*) > ü(T*), must 
hold. So an equilibrium always exists in our 
model. However, the conditions are not 
mutually exclusive. When they hold simulta- 
neously, then both adoption and nonadop- 
tion are equilibria: because the network ex- 
ternality makes it desirable to do what others 
are going to do, users’ expectations drive the 
equilibrium. 

The above results can be summed up in 


PROPOSITION 1: Adoption is a perfect 
Nash equilibrium if and only if o(T*)> 
ii(T *). Nonadoption is a perfect Nash equi- 
librium if and only if u(T*)>6(T*). At 
least one of these conditions must hold, so 
equilibrium exists. They may hold simulta- 
neously, in which case there will be multiple 
equilibria. If just one holds, we have a unique 
equilibrium. 


B. Efficiency 


There are both positive and negative 
welfare effects from the adoption of the new 
technology. If V is adopted, each user for 
whom v(T)> u(T) (typically one who 
arrives well after T*) gains o(T)— u(T). 
However, there are two groups of losers. 
First, early adopters lose u(T) — v(T) if they 
adopt V. Second, users who are stuck with 
old installed-base technology suffer a loss at 
the time that V is adopted. Evaluated at T* 
that loss is equal to u(T'*)— ŭ&(T*) for each 
user in the installed base. This is the present 
value of the loss to U users resulting from 
the fact that the U network ceases to grow 
after T*. In the linear case that is equal to 
b/r? for each user, or a total of bT*/r? 

The present value of the net gain in welfare 
from the adoption of V is 


G= flat) ~ u(t)}e OT dt — bT */r?. 
T* 


The first term represents the gain (loss) to 
users who arrive after T*, while the second 
term is the loss to the installed base. Re- 
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(4) je, d 











r r 
* 
atb b -r-T — T 
r r r? 
dr b 
~°(F-se+re —"dq 
olr or 
d-b bT* c-a 
+ 53 T p2 r2 
2(d—b) 2bT* c-a 
e oe 


= [2(d —b)—2rbT*+r(c—a)|/r? 


Thus G > 0 if and only if 2(d — b)—2rbT* 
+r(c—a)>0. 

We now compare this efficiency condition 
with equilibrium conditions. Adoption is an 
equilibrium if 0(T*) > a(T*), which in the 
linear case reduces to 


(5) r(c—a)—rbT*>-—d. 


Adoption is the unique equilibrium if 6(T*) 
> u(T*), which reduces to 


(6) r(c—a)—rbT*>b. 


From (4), (5), and (6) we see that (c — a, 
bT*) space can be divided as in Figure 2. 
Depending on how d compares with b/2 
and with 2b, we have three cases. 

Case 1: 2(d — b) >d (i.e., d>2b). The 
G = 0 curve intersects the vertical axis below 
(— d/r). This creates a region (region A) in 
which switching is efficient but is not an 
equilibrium: clear-cut excess inertia. In this 
region, (c — a) is sufficiently negative to put 
off early potential adopters of V, but is not 
so negative as to make a switch socially 
inefficient. 

Case 2: (—d/r)<—2d—b)/r<b/r 
(ie., b/2<d<2b). There is no unique- 
equilibrium excess inertia (region A van- 
ishes), but it is possible that nonadoption is 
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FIGURE 2: EFFICIENCY AND EQUILIBRIUM 
IN THE LINEAR CASE 


an equilibrium even though adoption would 
be efficient. This occurs in region B. 

Case 3: —2(d—b)/r>b/r (ie, d< 
b/2). There is never excess inertia (even 
region B vanishes): if adoption is efficient, 
then it is the unique equilibrium. 

We also see from Figure 2 that there 
is always the possibility of excess momen- 
tum (region C): adoption is inefficient but is 
the unique equilibrium. This occurs when 
both bT* (the installed base) and (c— a) 
(the network-independent advantage of the 
new technology) are large. Then, V is 
adopted, and the installed base is ineffi- 
ciently “stranded.” 


PROPOSITION 2: In the linear case, 

(i) If d>2b, then there is a region in 
which adoption would be efficient but is not an 
equilibrium. There is excess inertia. 

(ii) If b/2 <d<2b, then adoption is an 
equilibrium wherever it is efficient. However, 
it need not be the unique equilibrium. There 
may be excess inertia. 

(iii) Ifd <b/2, then adoption is the unique 
equilibrium whenever it is efficient. There can- 
not be excess inertia. 

(iv) If the installed base and the network- 
` independent superiority of V are both large, 
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FIGURE 3: AN EXAMPLE OF EXCESS INERTIA 


then there is unambiguous excess momentum: 
adoption is inefficient but it is the unique 
equilibrium. 


Although this analysis applies only to the 
linear case, it is instructive. It suggests that 
clear-cut excess inertia (inefficient nonadop- 
tion being the unique equilibrium) may be 
exceptional,’*5 but it can arise. An extreme 
case is presented in Figure 3. Here there are 
no network benefits to the existing technol- 
ogy: “=i. Furthermore, the first potential 
user of the new technology V has only 
a slight preference for the old technology 
U (v(T*) <ia(T*)). However, even this 
slight preference causes him to adopt the 
old technology. All later users face the same 


14 The intuition for this result is the following. For it 
to be certain that the innovation will fail, it must be the 
case that 0(T*)<ua(T*), ie, rbT*>d+r(e—a). 
This means that d cannot be too large. This can be seen . 
by referring to Figure 1: as d grows so does #(T*), 
eventually leaving the range where nonadoption is the 
unique equilibrium. However if d is small, the ad- 
vantage of the new technology over the old is reaped 
only in the distant future, where discounting renders it 
less valuable. Of course, a higher value of d is possible 
(while still maintaining the inequality 0(T*) < #(T*)) 
if either r or T* is large. However, if T* is large, the 
loss to the installed base is also large, while if r is large, 
the benefits from the new technology (which are reaped 
only in the future) are also correspondingly less val- 
uable. 

15Īn our earlier paper (1986), we reach a similar 
conclusion in a static model in which users have differ- 
ent preferences over U and V. 
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FIGURE 4: AN EXAMPLE OF EXCESS MOMENTUM 


choice and make the same decision. Thus, V 
is not adopted although it would clearly be 
welfare enhancing. 

“Excess momentum” can also arise. For 
example, consider the linear case and sup- 
pose that c=[a+bT*+(b/r)+re] and d 
=Q. In that case (t) = (t) =c/r, u(T*) 
= ((a + bT*)/r)+(b/r?) and a(T*)- 
u(T*)=e. Thus for any e>0, the unique 
perfect equilibrium is that V is adopted. The 
situation is illustrated in Figure 4. The (un- 
discounted) gain to adopters from adoption 
of V is the shaded triangle (the discounted 
gain is even smaller). The loss to the in- 
stalled base from the adoption is the shaded 
rectangle. There is also a loss to later 
adopters (dotted region). Since the shaded 
triangle can be made arbitrarily small (by 
shrinking £) there obviously can be excess 
momentum. Indeed, it is possible that the 
losses are quite large and the gains minus- 
cule, and yet V is adopted! 


C. Anticompetitive Behavior: Product 
Preannouncements and Predatory Pricing 


1. Product Preannouncements. So far, we 
have assumed that the new technology V 
becomes available unexpectedly. However, if 
potential users learn in advance (via a 
“product preannouncement,” say) that V will 
become available, they may wait for it rather 
than adopt U immediately. But then V’’s 
installed base will start off much larger than 
otherwise. It is therefore possible that a tech- 
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nology V will be adopted with such a prod- 
uct preannouncement that would not have 
been adopted otherwise. Without the pre- 
announcement, the old technology might 
have developed an unstoppable momentum, 
whereas the preannouncement can prevent 
this “bandwagon effect.” 

Below, we provide conditions under which 
nonadoption is the unique equilibrium with 
no preannouncement, but adoption is an 
equilibrium with the preannouncement. Fur- 
thermore, if we modify the model slightly so 
that users are discrete rather than infinitesi- 
mal, then adoption is the unique equilibrium 
with the preannouncement. We also give an. 
example in which the preannouncement re- 
duces welfare. 

Suppose that a preannouncement is made 
at T*— r for a new technology V that will 
become available at T*. Assume that users 
in the interval [T * — r, T*] who wish to do 
so can prepurchase technology V. (In prac- 
tice, popular new products often have de- 
livery lags and it is desirable to order in 
advance.) For simplicity, we assume that 
n(t) is constant. Then if all potential users in 
the interval [[*—+7,7*] adopt V, and all 
later users also adopt V, the net present 
value of adopting V at t2>7* is o(t+7). 
(This is the value it would have been at 
T*+ r with adoption but without the pre- 
announcement.) We can show 


PROPOSITION 3: If (i) o(17*)<a(T*) 
and (ii) (T*+7-t’)e"" > u(T*—t’) for 
all t’ € [0,7], then 

(a) Without the preannouncement, non- 
adoption is the unique equilibrium; 

(b) With the preannouncement, adoption is 
an equilibrium. 

(c) If, in addition, users are discrete, then 
with the preannouncement, adoption is the 
unique equilibrium. 


Assumptions (i) and (ii) are illustrated in 
Figure 5. When all the potential users be- 
tween (T*— r) and T* adopt V, the ð and 
Õõ curves are “shifted to the left” by 7. The 
outlook for a potential user at T* + t absent 
the preannouncement is the same as the 
outlook of a potential user at T*+7+1 
with the preannouncement. 
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FIGURE 5: THE EFFECT OF A PREANNOUNCEMENT 
ON ADOPTION 


PROOF OF PROPOSITION 3: 

Assumption (i) implies (a) and assump- 
tion (ii) implies (b), both by Proposition 1. 
The proof of (c) uses the backwards induc- 
tion argument of Proposition 1 of our earlier 
paper (1985) (see also fn. 2 above). Briefly, 
the argument is as follows: If all users from 
T*—r to T* adopt V, then so will all later 
users. So consider the user who arrives “just 
before” T*. If all prior users have adopted 
V, then so will he (since V will then be 
adopted by all later users). The backwards 
induction argument now applies the same 
reasoning to the previous arrival, and so on 
backwards. 


Thus preannouncements can be powerful. 
We now show that they may be harmful. 


PROPOSITION 4: The preannouncement may 
reduce welfare, even though the conditions of 
Proposition 3 hold. 


PROOF: 

We construct a linear example as follows: 
First, assume that b<r. Let r=inf {t’: 
u(T * — t’) < a(T*)— &} for some (arbi- 
trarily small) e. Second, let 


_f0 if x<7; 
v(x) ={°, if x>r 
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(The new technology is valueless if the net- 
work size is less than + and generates a 
benefit flow c’ otherwise.) Now set c’ so that 
(c’/r)e—"" > u(T*— r). Then (c’/r)e" > 
u(T * — t’) for all t’ < r. Thus the conditions 
of Proposition 3 are satisfied. Notice that 
because u is linear, this construction can be 
carried out for any T*. One can check that 
the welfare gain (evaluated at T*) to 
adopters of the new technology is bounded 
above and is independent of T*. How- 
ever, the welfare loss to the installed base is 
T*(u(T* — r)- a(T* — t) = T*b/r’, 
which can be made arbitrarily large by in- 
creasing T *. 

We have argued that a preannouncement 
may reduce welfare. Dominant firms have 
often faced antitrust charges of “anticompet- 
itive” product preannouncements. (See fn. 6 
above.) In the above analysis we have made 
pricing exogenous, and so our model does 
not yet show that the welfare-reducing 
preannouncements can be anticompetitive. 
However, it is a simple matter to complete 
the argument. 

Suppose that the old technology U is pro- 
vided competitively arid that the u function 
represents consumers’ benefits, given com- 
petitive pricing. Suppose further that the new 
technology V is provided by a monopolist 
and that the v function represents the benefit 
to consumers when the monopolist prices so 
as to maximize profits assuming that his 
proprietary V technology will be adopted. 
Under the assumptions of the example, ab- 
sent a preannouncement, the monopolist’s 
product will fail to be adopted. Of course, 
the monopolist might be able to induce 
adoption by offering a discount until V has 
become widely enough adopted. However, 
the preannouncement achieves the same re- 
sult costlessly. Competition is destroyed and 
welfare may also be reduced. 

The preannouncement is likely to be most 


` effective where the current technology could 


otherwise greatly increase its network value 
in a short time between announcement time 
and introduction. Then the preemptive effect 
of the preannouncement will be crucial. So, 
especially when targeted against a fledgling 
technology, the preannouncement may well 
be anticompetitive. 
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FIGURE 6: THE COST OF PREDATION 


2. Predatory and Strategic Pricing. We con- 
sider the case in which the existing technol- 
ogy is provided by a monopolistic in- 
cumbent. We show below that if technology 
V is introduced, it may be both feasible and 
profitable for the incumbent to prevent the 
adoption of V by temporarily charging less 
than the monopoly price. By doing so, it can 
continue to build up its installed base and 
achieve an insurmountable lead, whereas ab- 
sent such strategic pricing, V would be 
adopted. This strategic pricing is analogous 
to “penetration pricing” as analyzed by Katz 
and Shapiro (1986). 

Suppose that when the incumbent sets its 
profit-maximizing prices over time (assum- 
ing no new technology), the flow of net 
benefits to users is given by the u function. 
Suppose further that the new technology V 
will be competitively supplied and that the v 
function represents benefits net of the com- 
petitive price. Finally, suppose that u and v 
are as shown in Figure 6. 

Since 6(T*)>u(T*), adoption is the 
unique equilibrium absent strategic pricing. 
But the incumbent can induce the user who 
arrives at T* to stay with U by reducing the 
price of U by (just over) o(T*)— a(T*). 
Then that user would prefer being the last 
user on U to being the first user of V, even if 
all later users adopt V. If the incumbent 
provides such a discount to all the users who 
arrive between T* and T’, it will then be- 
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come impossible for V to enter (since p(T) 
<iu(T’)), even if the incumbent then prices 
without regard to entry. 

The (undiscounted) cost to the incumbent 
of this strategy is given by the shaded area. 
Depending on the parameters of the model, 
the benefits may well exceed the costs, al- 
though in the short run the monopolist 
sacrifices profits. The private costs of pricing 
strategically are not the same as the social 
costs. The cost to the monopolist occurs 
through price reductions which are merely 
transfers to users. The social costs are the 
costs to users who arrive after T* from the 
fact that the new technology is not adopted. 
The social benefit is that the installed base 
is protected against “stranding.” Thus the 
welfare effects are ambiguous. 

The sole purpose of the incumbent’s pric- 
ing policy is to drive its rivals out of the 
industry and it may involve a short-run 
sacrifice of profits. Moreover, the monopolist 
can raise its price once the rivals have left 
the industry, without inducing reentry, even 
if there are no entry or exit costs. This is 
because if the incumbent fights off entry 
until T’, it thereafter has an insurmountable 
advantage of installed base. If, in addition, 
welfare is reduced by the action, this is a 
classic case of predatory pricing. 

Two leading tests for diagnosing preda- 
tory pricing may miss this kind of predation, 
however. The test proposed by Philip Areeda 
and Donald Turner (1975), which diagnoses 
predation if the firm prices below average 
variable cost, can yield a false negative: if 
the network benefits of installed base are 
sufficient, this kind of predation does not 
require pricing below the incumbent’s, or the 
entrants’, average variable cost. 

Janusz Ordover and Robert Willig’s (1981) 
test asks whether the firm’s action would 
have been optimal if the entrant faced no 
reentry costs. If so, then the action is deemed 
not to be predatory. Reentry costs are defined 
as “the cost that a firm that has exited a 
market must incur to resume production” 
(p. 12). Here, however, “reentry costs” are 
not the point. The opportunity to supplant 
the monopolist is only available until time 
T’. Through its predatory action, however, 
the incumbent closes this window of oppor- 
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tunity.’© This evanescence of opportunity is 
assumed away in the Ordover-Willig test. 
Thus this test may also yield a false negative. 

Thus we see that, on the one hand, stan- 
dard tests may miss this kind of predation. 
On the other hand, if the stranding external- 
ity is important enough, the strategic pricing 
may be welfare enhancing. Because of this, it 
would be extremely difficult (if not impossi- 
ble) to frame a legal rule that would make 
the correct diagnosis in all cases. What our 
analysis suggests, however, is that a greater 
than usual degree of caution is required in 
cases where “a window of opportunity” is 
important. 


TI. A Model without New Users 


In this model, two agents, 1 and 2, are 
initially using a preestablished standard or 
technology, U. Another technology, V, is 
available; however, each agent has only oc- 
casional chances to switch. To be precise, 
each agent encounters switching opportuni- 
ties randomly in a Poisson process with rate 
A>0. 

An agent with a chance to switch faces the 
following choice. If he (or she) switches, then 
he knows that the other agent will not im- 
mediately be able to switch, so that they will 
be incompatible for a while. If he does not 
switch, then the other may or may not choose 
to switch at his next opportunity. We will 
consider agents’ private incentives to switch 
or not to switch, and the nature of the 
externalities involved. _ 

We write u(k) for each agent’s flow of 
net payoff if he is on standard U alone 
(k=1), or together with the other agent 
(k= 2). Likewise, we define v(k). Notice 
that this assumes that the firms’ payoffs are 
symmetric. 

As above, we interpret the two “agents” 


as users of the technology. If one of them- 


16As time passes and the installed base grows, the 
barriers to entry rise and the incumbent becomes more 
protected. In our setting this is due to the benefits from 
compatibility; more generally, the same will be true 
where brand recognition or a product’s reputation are 
important in determining consumer choice. Learning by 
doing will have a similar effect. 
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switches, they become incompatible (because 
the other cannot immediately switch). In this 
interpretation, “installed base” is the non- 
switcher. It is natural to assume that net- 
work externalities are positive: 


(7) u(1) < u(2) 
(8) v(1) <v(2). 


For notational convenience, we normalize 
u(2) at 0. 


A. Efficiency 


It should be clear that the efficient rule is 
either never to switch, or to switch as soon 
as possible. Which is better? 

Suppose that agent 1 has a switching op- 
portunity at a time we call t=0. Let 7 be 
the (random) next switching opportunity for 
agent 2. Then the social value of switching is 


(9) i ‘To(1) + u()]e-”dt + Í 20 (2)e~"dt 


(10) = [v(1)+u(1)]((1-e"")/r) 
+2v(2)(e"/r). 


It is well-known that 


(11) E(e~")=A/(r+A). 


17In a second interpretation, our two agents are 
competing suppliers of a durable good embodying tech- 
nology U or V. Buyers are concerned with network 
externalities: in particular, with compatibility with the 
installed base of equipment. If this network effect is 
strong enough, it may be the case that 


(a) u(1) > u(2). 


Also, if the installed-base effect is not so strong, so that 
buyers begin to buy the new technology as soon as it is 
available, there may be a first-mover advantage: 


(b) v(1) > v2). 
Both (a) and (b) are influenced by buyers’ expectations 


of whether the new technology will succeed, and by the 
relative sizes of the two suppliers. Š p 
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Thus the expected social value of switch- 
ing is 


v(1) + u(1) 


2v(2)(A/r) 
r+a : 


(12) r+À 


In other words, we get 


PROPOSITION 5: Switching is socially effi- 
cient if and only if 


(13) 2v(2) 


v(1)4+ u(1)+ \—— >0. 


Equation (13) has a straightforward inter- 
pretation. Suppose a firm switches. The net 
social benefit has two components. The im- 
mediate change in benefit flow is v(1)+ u(1) 
—2u(2), or v(1)+ u(1). In addition, there is 
an instantaneous probability A of achieving 
a joint switch which is worth v(2)/r. The 
qualitative properties of (13) are not surpris- 
ing. For example, if v(2)<0 then, by as- 
sumption, v(1) < 0. Since in any case u(1) < 
0, switching is not efficient. If v(2) > 0 then 
switching is more desirable as À increases 
(less time is spent incompatibly in transi- 
tion) or as r decreases (transition effects are 
less important). 


B. Equilibrium 


As in Section I, our chief concern is to 
investigate when equilibrium will be effi- 
cient, when there will be excess inertia, and 
when there will be excess momentum. 

We ask first in what circumstances a user 
will be willing to switch first. As we will see, 
the answer depends on whether he expects 
that the other would be willing to switch 
first. 


LEMMA 1: A user will be prepared to switch 
first when he believes that the other user would 
switch first, if and only if 


(14) (A+r)v(1)+A[v(2)—u(1)] > 0. 
PROOF: 


Since we assume v(2)> u(1), a user who 
switches first will always be followed as soon 
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as possible. Therefore we can use the method 
of (10)-(12) to show that the payoff to 
switching first is 


(15) (r++ Aroa]. 


The payoff to waiting is a flow of 0 until the 
other user switches, then a flow of u(1) until 
it is possible to follow. The value of this is 


À 1 
19) y ro MOA 


Comparing (15) and (16) yields (14). 


LEMMA 2: When a user believes that the 
other will never switch first, he will switch 
first, if and only if 


(17) ro(1)+ Av(2) >0. 


PROOF: 

If he does not switch, he gets zero forever. 
If he does, he gets v(1) until the other user 
follows. By the method of (10)-(12), the 
present value of this is 


v(1) r 2O A 
r o r+À r o r+À 


Condition (17) follows immediately. 


LEMMA 3: If both (14) and (17) hold, then 
a user will switch first whatever his beliefs 
about whether the other would do so. If neither 
(14) nor (17) holds, then a user will never 
switch first, whatever his beliefs about the 
other’s willingness to do so. 


PROOF: 

Suppose that agent 1 regards the time at 
which agent 2 will switch (if 1 does not 
switch first) as a random variable § We 


- write =œ if 2 never switches first. If 1 


does not switch first, then he gets a flow 
u(2) =0 until the random time 5, at which 
point his present discounted value becomes 


(18) E| [uera f oera) 
= (r +A) (u)+(A/r)v(2)) 
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where 7 is the (random) elapsed time after § 
before agent 1 has his next switching oppor- 
tunity. Thus, at time 0, the expected present 
value of the “wait” strategy is 


(19) Ele~"](r+ A) Hul) + (A/r) 0(2)). 


Finally, we note that. § cannot occur before 
agent 2’s first switching opportunity, so that, 
by (11), 


(20) 


Using (20) and comparing (15) and (18), we 
see that (14) and (17) together make switch- 
ing optimal whatever a user’s expectations. 
The proof of the other half of the lemma is 
similar. 


O<Ele"]<A/(r+A). 


From the lemmas, we see that (given r 
and A) the space of possible values of 
u(1)/v(2) and v(1)/v(2) divides into four 
regions, according to whether (14) and/or 
(17) holds. Adding the efficiency condition 
(13) to the picture yields Figure 7. We label 
the resulting six regions of the parameter 
space A to F. Switching is efficient in regions 
A, B,C; inefficient in regions D, E, F..What 
does equilibrium look like? | 

In region A, (14) and (17) both hold. By 
Lemma 3, a user will switch as soon as 
possible, whatever he thinks the other would 
do (switch first, or wait). In this region, 
therefore, there is a unique (and efficient) 
perfect equilibrium: switching occurs as soon 
as possible. 

In region B, (17) holds but (14) fails. This 
means that a user will switch first if he 
thinks the other would not, but would wait if 
he thinks the other would switch first. In this 
region, therefore, there are three perfect 
equilibria. In the first, user 1 is expected to 
(and will) switch as soon as he can, and user 
2 will only follow. In the second, the roles 
are reversed, In the third equilibrium, each 
- user plays a mixed strategy: he is just likely 
enough to switch first to make the other 
indifferent between switching first and wait- 
ing. 
In each of these equilibria, switching oc- 
curs eventually, but is (on average) delayed. 


FARRELL AND SALONER: INSTALLED BASE 953 


vi) /v(2) 


| 





inequality (14) 
hold 







| 
| 
A 
| 
| 
| 


— —B— —ull)/v(2) 
"Inequality 
(17) holds 





C 


Inequality (13) holds 
FIGURE 7: EFFICIENCY AND EQUILIBRIUM 


Fortunately, if r is large relative to A (the 
case where delay matters), region B is small: 
(14) and (17) almost coincide. 

In region C, both (14) and (17) fail. This 
means that neither user will switch first, 
whatever his beliefs about the other’s wil- 
lingness to switch first. Therefore switching 
never occurs, although it would be efficient 
to switch. This is the clearest kind of excess 
inertia. From (14) and (17), we see that this 
outcome is most likely when v(1) is small 
and u(1) is not too small. 

In region D, (14) and (17) both fail: there 
will be no switching. Region D differs from 
region C in that this outcome is efficient 
in D. 

In region £, (14) holds but (17) fails. So a 
user will switch first if and only if he thinks 
the other would do so. There are two pure- 
strategy equilibria. In one, there is no switch- 
ing, and this is efficient. In the other, each 
user will switch at his first chance. However, 
this is only because if he does not switch he 
believes he will have to follow the other’s 
switch. Such a preemption equilibrium? can 


18If switching opportunities are observable, we can 
argue against the preemption equilibrium-as follows. If 
2 expects 1 to switch first, but observes him refraining 
from doing so, we might expect him to infer that 1 will 
not switch first, rather than inferring that 1 will now 
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arise even if v(2), as well as u(1) and v(1), is 
negative. 

In region F, (14) and (17) both hold: 
switching will occur as soon as possible, 
although it is inefficient. This is a clear case 
of excess momentum. 

What causes these inefficiencies? The fact 
that there will be a period of incompatibility 
is not itself the source of an externality, but 
the difference between v(1) and u(1) is. In 
switching, a user calculates whether it is 
worth suffering v(1) for a while in order to 
achieve v(2) later; for efficiency, he should 
ask about suffering [v(1)+ u(1)]/2. If v(1) 
>u(1), then a user will be too ready to 
initiate a switch; if v(1) < u(1), he will be 
too reluctant. 

Second, there is the penguin effect (see 
fn. 9). Even though the users might both 
wish for a joint switch whoever goes first, it 
may still be that each would prefer the other 
to go first. This leads to the kind of excess 
inertia that occurs in region B. Conversely, 
it is possible that neither user wants a switch, 
but each prefers to switch first rather than 
second: this leads to preemption equi- 
librium. 


If. Conclusions and Possible Extensions 


There can be excess inertia, even with 
complete information, when we allow for the 
presence of an installed base. There are two 
externalities in a user’s adoption decision: 
the stranding effect on the installed base, 
and an effect on the options available to 
later adopters. Since our previous model (in 
our 1985 paper) is essentially “timeless,” the 
installed-base externality is absent. In that 
setting, identical adopters always reach the 
efficient outcome. In the present paper, 
installed-base users are somewhat tied to 
the old technology; this creates a bias 
against the new (perhaps superior) technol- 


switch as soon as possible. If 1 believes that 2 would 
update as we suggest, then he can stop 2 from switching 
by refraining himself. Thus, for preemption to be a 
perfect equilibrium, updating after an unexpected failure 
to switch must take the form “I’m surprised you didn’t 
switch; but I still expect you to switch at your next 
chance.” 
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ogy. Another inefficiency arises from the 
penguin effect. 

The biases we identify can be turned to 
anticompetitive uses. We analyzed two: anti- 
competitive product preannouncements, and 
predatory pricing. First, product prean- 
nouncements may prevent a bandwagon from 
gaining momentum. Second, an incumbent 
firm may be able to deter entry by a credible 
threat of temporary price cuts in response to 
entry. This is so even when there are no 
reentry costs. 

There are a number of ways in which the 
models could be generalized and extended. 
In the model with new users, we assumed 
that users live forever and products do not 
depreciate. Realistically, an installed base, 
once stranded, will shrink. The welfare cost 
of excess momentum will then be lower than 
in our model. 

We could also examine the effect of a 
nonconstant arrival rate of new users. We 
would expect that if there is an unusual 
upturn in demand, perhaps because of a 
baby boom or an economic recovery, an 
innovation could gain a substantial network 
relatively quickly. Innovations may therefore 
be concentrated in such periods. Similarly, 
the destruction of installed base by war may 
clear the decks for innovation. 

In the second model, the most interesting 
extensions would make the users asymmet- 
ric, either in the frequency with which they 
consider switching or in the value they at- 
tach to compatibility. Large firms plausibly 
care less about compatibility with small rivals 
than vice versa, and we therefore expect 
them to be de facto standard setters. Like- 
wise, an agent who only rarely has a chance 
to switch may find his more flexible rival 
waiting for him to do so. 

Another line of inquiry would consider 
multiple users in the second model. With 
equal-sized users, the first switcher sacrifices 
more in network benefits if there are many 
users. His strategic bandwagon power is also 
likely to be less. One might expect, therefore, 
that excess inertia will be a more serious 
problem in this case. This extension would 
form a close link with our earlier paper 
(1985). It would be equivalent to allowing 
stochastic decision lags, random order of 
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moves, and interim payoffs in that model. 
We believe that these are promising direc- 
tions for further investigation. 
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Oligopoly and Financial Structure: The Limited Liability Effect 


By JAMES A. BRANDER AND TRACY R. LEwIs* 


We argue that product markets and financial markets have important linkages. 
Assuming an oligopoly in which financial and output decisions follow in sequence, 
we show that limited liability may commit a leveraged firm to a more aggressive 
output stance. Because firms will have incentives- to use financial structure to 


influence the output market, this demonstrates a 


equity ratio. 


The literature on financial structure and 
the literature on oligopoly have at least one 
common feature: they both place relatively 
little emphasis on the strategic relationships 
between financial decisions and output mar- 
ket decisions. In financial theory, the prod- 
. uct market is typically assumed to offer an 
exogenous random return which is un- 
affected by the debt-equity positions of the 
firms in the market. Correspondingly, in the 
economic analysis of oligopoly, the firm’s 
obligations to debt holders and the possibil- 
ity of financial distress are usually ignored in 
modeling the strategic interaction between 
producers in the output market. 

This approach of focusing separately on 
financial and output decisions is clearly use- 
ful in understanding certain aspects of both 
financial structure and strategic output mar- 
ket behavior. It seems equally clear, how- 
ever, that there are important linkages be- 
tween financial and output decisions. 

The choice of financial structure can affect 
output markets in the following way, which 


*Faculty of Commerce and Business Administration, 
University of British Columbia, Vancouver, B.C. 
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new determinant of the debt- 


we refer to as the limited liability effect of 
debt financing. As firms take on more debt, 
they will have an incentive to pursue output 
strategies that raise returns in good states 
and lower returns in bad states. The basic 
point is that shareholders will ignore reduc- 
tions in returns in bankrupt states, since 
bondholders become the residual claimants. 
As debt levels change, the distribution of 
returns to.shareholders over the different 
states changes, which in turn changes the 
output strategy favored by shareholders.’ 

A second possible linkage between output 
and financial markets is the strategic bank- 
ruptcy effect. Any one firm’s susceptibility to 
financial distress depends on its financial 
structure, and its fortunes will usually im- 
prove if one or more of its rivals can be 
driven into financial distress. Therefore, firms 
might make output market decisions that 
raise the chances of driving their rivals into 
insolvency. Since the possibility of financial 
distress for each firm is contingent on its 
financial structure, this is a second channel 
for finances to affect output markets. 

In this paper we examine the relationship 
between financial and output decisions in a 
formal structure capturing essential aspects 
of both modern financial and oligopoly the- 


1The idea that limited liability creates a conflict of 
interest between bondholders and equity holders is de- 
scribed in Michael Jensen and William Meckling (1976) 
and in Stewart Myers (1977), and has been examined by 
Jeremy Bulow and John Shoven (1978), Jerry Green and 
Shoven (1983), and Varouj Aivazian and Jeffrey Callen 
(1980). These studies do not, however, explicitly con- 
sider the output market, which is the focus of this 


paper. 
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ory. Our model focuses on the “limited lia- 
bility” effect of debt financing. The strategic 
bankruptcy effects of financial decisions are 
analyzed in our companion paper (1985). 
The analysis we offer here illustrates two 
important points. First, output market be- 
havior will, in general, be affected by finan- 
cial structure. Second, foresighted firms will 
anticipate output market consequences of 
financial decisions; therefore, output market 
conditions will influence financial decisions. 

In the analysis to follow, we deliberately 
abstract from the physical capital investment 
decision by assuming that the firm’s capital 
stock is fixed (at least temporarily). We adopt 
this approach so as to isolate the linkage 
between the firm’s financial position and its 
behavior in the output market. If physical 
investment was allowed to vary endoge- 
nously with the firm’s financial position, cer- 
tain readily identifiable effects of financial 
decisions on output behavior would emerge. 
First, firms would have an incentive to un- 
dertake capital investments that lower the 
marginal cost of production in output 
markets so as to commit themselves to more 
aggressive positions in the output market. 
(This effect has been investigated by Avinash 
Dixit, 1980; Curtis Eaton and Richard Lip- 
sey, 1980; and Brander and Barbara Spencer, 
1983; among others.) 

In addition, as emphasized by Michael 
Jensen and William Meckling and Stewart 
Myers (1977), the firm’s debt-equity mix 
would affect the optimal investment strategy. 
A referee suggested that heavily leveraged 
firms might lower their level of physical 
capital investments in order to minimize the 
salvageable assets that would be lost to debt- 
holders in the event of bankruptcy. This 
would in turn affect costs and the output 
market in the obvious way. These are inter- 
esting issues, but they are logically separate 
from the effects we identify; accordingly we 
abstract from the investment decision by 
assuming it is made before the debt-equity 
mix is determined. Output adjustments are 
therefore to be thought of as resulting from 
changes in variable inputs. 

The basic model we investigate is a two- 
stage sequential duopoly game. In stage 1, 
the two firms decide upon financial struc- 
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ture. In stage 2, they select output levels 
taking as given the financial composition 
determined in stage 1. The equilibrium con- 
cept is the sequentially rational Nash equi- 
librium in debt levels and output levels. In 
other words, the second-stage outcome is a 
Cournot equilibrium in output which is cor- 
rectly anticipated by the firms when choos- 
ing debt levels in the first stage.” 

The output decisions of firms are made 
before the realization of a random variable 
reflecting variations in demand or costs. Once 
profits are determined, firms are obliged to 
pay debt claims out of operating profits, if 
possible. If profits are insufficient to meet 
debt obligations, the firm goes bankrupt and 
its assets are turned over to the bondholders. 
This simplified depiction of the relation be- 
tween financial distress and output markets 
is not universally descriptive, but it does 
yield a tractable model that can be readily 
compared with similar models of output 
market rivalry in the oligopoly literature 
where financial structure is ignored. 

Before proceeding it is important to place 
our analysis in context in both the financial 
and oligopoly literatures. A large part of the 
literature on financial structure can be re- 
garded as a response to Franco Modigliani 
and Merton Miller (1958), who assert that, 
under certain conditions, the value of the 
firm is independent of financial structure. 
Our paper falls in the class of exceptions to 
the Modigliani-Miller Theorem. Following 
Alan Kraus and Robert Litzenberger (1973), 
among others, we appeal to a background of 
imperfect markets to allow departures from 
the Modigliani-Miller world. The exact na- 
ture of the market imperfections should be- 
come clear as we proceed. The standard 
treatment of choice of financial structure, as 
presented in Kraus and Litzenberger, in- 


2In our context, sequential rationality is equivalent 
to what Reinhardt Selten (1975) has referred to as 
subgame perfection. The most important implication of 
subgame perfection is that players are restricted to 
credible threats: players cannot have equilibrium strat- 
egies that would call for them to carry out actions that 
would be against their best interests at the time the 
action is to be taken. This basic idea goes back at least 
to Thomas Schelling (1956). 


958 THE AMERICAN ECONOMIC REVIEW 


volves a tradeoff between financial distress 
costs and the tax advantages of debt. Our 
model, which abstracts from both bank- 
ruptcy costs and taxes, points to the interac- 
tion between output and financial markets as 
a determinant of financial structure. 

Of the existing published literature in 
financial theory, our paper is closest in spirit 
to Sheridan Titman (1984) in which financial 
structure influences potential profits for sup- 
pliers of a durable good. Titman argues that 
low levels of debt constitute a commitment 
by a producer to stay in the market, which 
raises the value of the durable good because 
it means that the firm will be available to 
service the good in the future. (This effect 
operates as long as each firm has some ad- 
vantage over rivals in servicing its own prod- 
ucts.) In our model, financial structure serves 
aS a commitment to a particular output 
strategy,’ and is therefore related to the re- 
cent literature on commitment in oligopoly 
theory, in which physical capital, location, 
product choice, or R&D choices constitute a 
first stage which influences the Nash equi- 
librium in the subsequent output market. 
Standard references in this literature include 
Eaton-Lipsey and Dixit. The equal oppor- 
tunity duopoly structure we use is similar in 
form to Brander-Spencer. 

An outline of the paper follows. Section I 
sets out the basic model. Section II is de- 
voted to the output market equilibrium and, 
in particular, shows the dependence of out- 
put equilibrium on financial structure and 
compares the output equilibrium in the 
(base) case, in which equity holders control 
the firm, with the case in which debthold- 
ers control the firm. Section III examines 


3We would also like to mention a Ph.D. thesis by 
Vojislav Maksimovic (1986) and a discussion paper by 
Franklin Allen (1985) which address the same funda- 
mental issue as this paper: the strategic relationship 
between oligopoly and financial markets. Maksimovic 
represents simultaneous development of a modeling ap- 
proach that is similar in some respects to ours and 
establishes some of the same insights. It also examines 
some interesting repeated game extensions of the basic 
model. 

4See Eaton and Mukesh Eswaran (1984) for a very 
helpful synopsis of the strategic commitment paradigm 
applied to industrial organization. 
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the selection of debt levels and describes 
how output market considerations influence 
capital structure. Section IV contains con- 
cluding remarks and discusses extensions to 
the paper. 


I. The Model 


Firms 1 and 2 are rivals in an output 
market where they produce competing prod- 
ucts q, and q,, respectively. For concrete- 
ness, we assume there is Cournot quantity 
competition in the output market. Other 
forms of market rivalry involving advertis- 
ing, RaD, or Bertrand price competition 
could be analyzed just as well using our 
model. The operating profit for firm i, which 
is defined as the difference between revenue 
and variable cost, is denoted by R'(q,, 4;, Z;)- 
The random variable z, reflects the effects of 
an uncertain environment on the fortunes of 
firm i. It is assumed to be distributed over 
the interval [z, Z] according to density func- 
tion f(z;). For simplicity we assume that z, 
and z, are independent and identically dis- 
tributed. 

We assume that R’ satisfies the usual 
properties: Rj,<0, Ri<0, and Rj, <0 
(where subscripts denote partial derivatives). 
We adopt the convention that high values of 
z; lead to higher operating profits: R} > 0, 
meaning that higher realizations of z; corre- 
spond to better states of the world. The 
effect of z; on marginal profit turns out to be 
very important in our analysis. We consider 
two possibilities. 

(i) Ri, > 0. This corresponds to a situa- 
tion where marginal profits are higher in 
better states of the world. This would arise, 
for example, if higher realizations of z corre- 
sponded to downward shifts of the marginal 
cost schedule, or to upward shifts in the 
marginal revenue schedule facing the firm. 
We take this to be the normal case. 

(ii) R}, < 0. This means that good states 
of the world are correlated with low margin- 
al returns to extra sales. This case seems less 
likely to arise but it is possible.° 


5A rather contrived example can be constructed as 
follows. Suppose that firms i and j each have fixed 
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Another argument for considering the 
Ri,,<0 case arises when we assume that 
firms engage in other forms of competition 
besides quantity or price competition. For 
example, suppose that firms primarily com- 
pete through advertising, as is the case in 
some retail markets.® Let q; be firm i’s 
expenditure on advertising and assume that 
higher realizations of z; correspond to cases 
where market demand is high. It seems 
plausible that, in some ‘cases, when condi- 
tions are good, there might be little need for 
advertising, whereas advertising would be 
more effective in increasing sales in a market 
with sagging demand. In this case we would 
find that marginal returns from advertising, 
Ri, are inversely related to the state of na- 
ture, z; leading to the case Rj, < 0. 

An alternative way of thinking of the sign 
condition on Ri, is to view q; and z; as 
separate “inputs” which go into making 
profits. The case Ri, > 0, which is the stan- 
dard case under quantity competition, means 
that the two inputs are complementary, while 
the other case is the case of substitute inputs. 

The financial structure of the firm is sum- 
marized by the variable D,, which represents 
the debt obligation of firm i. As indicated in 
the introduction, we assume that the capital 
investment is made before the financing mix 
is decided upon. Choosing the debt level, 
with the total financing requirement fixed, 
would then fix the equity financing level by 
default. This interpretation is not necessary, 
however, and the firm could just as easily be 
viewed as giving the borrowed money di- 
rectly to shareholders. Debt levels, in turn, 
are assumed to be chosen before output de- 





production capacity k, and that they are rivals in a 
domestic market where they produce q; and g,, respec- 
tively, but they also sell their remaining outputs k — q; 
and k — q; in separated foreign markets where they do 
not compete with each other and where price is given by 
p'+2;. In this case, higher values of z; are certainly 
good for the firm, but correspond to lower levels of 
marginal profit in the home market. 

®See Richard Schmalensee (1976) for an analysis of 
oligopoly markets where firms compete in advertising. 
One could turn our model into a model of advertising 
by taking output as exogenously fixed, and interpreting 
q; as advertising expenditure. 


BRANDER AND LEWIS: OLIGOPOLY AND FINANCIAL STRUCTURE 959 


cisions are decided upon and are taken as 
given when output levels are chosen. Output 
decisions are then made before the uncer- 
tainty over demand or cost is resolved. It is 
not essential that there be no uncertainty 
resolved before output decisions are made. 
What is important is that there be some 
residual uncertainty left to be resolved after 
output decisions are made. Certainly this is 
true of most industries. 

After production occurs and the uncer- 
tainty regarding firms’ profits is settled, the 
firm is obliged to pay creditors D, out of 
current profits. If the firm is unable to meet 
its debt obligations, its creditors are paid 
whatever operating profits are available. 

Given debt levels (D, D,), the firm is 
assumed to choose output levels with the 
objective of maximizing the expected value 
of the firm to the shareholders.* This is what 
an owner-manager would choose to do, and 
is certainly what wealth-maximizing share- 
holders would want the firm to do. The value 
to the shareholders is referred to as the 
equity value and is represented by the let- 
ter V: 


(1) Vi(q, qj3-) 


= [ (RG qj» z)- D;)f(z;)dz;, 


where 2; is defined by 


(2) R'(q;, q; 2;) — D:=0, 


assuming z < ĉ; < Z. When z, = Z,, firm i can 
just meet its debt obligations with nothing 
left over. The expression in (1) represents 
expected current-period profits net of debt 
obligations in good (z; > ĉ;) states of the 


7For simplicity we assume that the asset value of the 
firm is zero, as if assets are completely used up in the 
production of output. Creditors can, therefore, collect 
only current operating profits if the firm becomes in- 
solvent. 

® The interesting possibilities that the rival firms may 
somehow be connected through interlocking director- 
ships, or that they are both owned by a common group 
of shareholders are not considered here. 
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world. In bad states (z; < 2,), the firm earns 
zero as all of its earnings are paid to debt- 
holders. (Note that we are assuming that 
shareholders of the firm are risk neutral with 
respect to the firm’s returns and therefore 
have their interests served by maximization 
of expected equity value.) 

Expression (2) shows the implicit depen- 
dence of 2, on D;, qa and q;. As this rela- 
tionship is important in establishing the 
principal results of the paper, it is useful to 
report the following derivatives: 


(3a) dz, /dD; =1/Ri(2;) > 0 


(3b) 2, /dD, =0 


(3c)  dê,/dq;= — Ri (2,)/RL(2)) 


(3d) di, /dq; = — Ri(2;)/R5(2;) > 0. 


The natural assumption, abstracting from 
agency problems between managers and 
shareholders, is that managers maximize 
equity value in this stage of the game when 
debt levels are taken as given. Later in the 
paper we examine the earlier decision of how 
much debt the firm should take on. At this 
earlier stage, managers are assumed to maxi- 
mize total value. Once the debtholders are 
captive, however, the managers have no sub- 
sequent incentive to act in the debtholders 
interests. For purposes of comparison it is, 
nevertheless, useful to consider the problem 
of maximizing the debt value of the firm in 
the output phase, as if debtholders were 
running the firm. In this case, the maximand, 
denoted W'(q,, 4 ;.), is given by 


(4) Wang) = [Rng edi ede 


+ D,(1- F(2,)). 


(We are assuming that z, the lowest possible 
value of z,, generates positive operating prof- 
its for all relevant values of the choice vari- 
ables. This is a convenient but inessential 
assumption.) The first term in (4) represents 
the operating profit of the firm in states of 
the world when this profit is insufficient to 
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completely cover debt obligations. The sec- 
ond term represents those states of the world 
in which the creditors of the firm are paid 
in full. 

The model presented here is the simplest 
model we could develop to explore possible 
connections between financial decisions and 
oligopolistic output markets. Generalizations 
to include more firms, other forms of market 
rivalry, and correlated random disturbances 
yield the same qualitative results. 


H. Output Market Equilibrium 


This section examines how the limited lia- 
bility aspects of financial leverage affect the 
strategic output decisions by firms. Taking 
existing debt levels D, and D, as prede- 
termined, the management of each firm 
chooses output to maximize either V or W, 
depending on whether it acts in the interest 
of shareholders or debtholders. 


A. Equity Value Maximization 


We take the case of equity value maximi- 
zation as our standard case. Assuming an 
interior solution, the choice of output for 
firm i is obtained by setting the derivative of 
(1) with respect to q; equal to zero:? 


(5) Vi = [R(t 4p 2) (21) de; 


The second-order condition is 
(6) Vi <0. 


The Nash output (or Cournot) equilibrium is 
obtained from the simultaneous solution of 
(5) for i, j =1,2. In addition we also require 
that 


(7) Vi <0, 
(8) Viv —VIVA> 0, 


Besides the expression in (5), the derivative of 
y’ with respect to q; also includes another term, 
— dê; /dgq,(R'(2;)— D;), which vanishes by (2). 


VOL. 76 NO. 5 


which are standard conditions in Cournot- 
type models. Equation (8) is equivalent (given 
second-order conditions) to reaction func- 
tions being downward sloping. It tends to 
hold if expected marginal revenue declines 
when the output of the other firm rises. 
Equation (8), if it holds everywhere, implies 
uniqueness of the equilibrium and reaction 
function stability. It is well-known that even 
in the simplest Cournot models, conditions 
analogous to (7) and (8) can be violated by 
feasible demand and cost structures, and 
that is certainly true here. One case in which 
these conditions do hold, however, is if z; is 
uniformly distributed, demand is linear, and 
marginal cost is constant. 

While this paper focuses nearly exclusively 
on the Cournot duopoly market structure, 
the first central insight we offer applies quite 
generally. This central insight is that higher 
debt levels tend, in the standard case (Rj, 
> 0), to increase a firm’s desired output. The 
intuition is as follows. 

In bad states of the world, the firm’s prof- 
its are insufficient to meet its debts. The 
equity holders’ claims on the firm go to zero, 
and the debtholders become the residual 
claimants on the firm’s profits. In other 
words, limited liability implies that debt- 
holders become residual claimants in bad 
states: specifically, when z,<2;. Equity 
holders are residual claimants in good states 
of the world, as illustrated in Figure 1. 

An increase in debt causes 2; to rise, 
meaning that the range of states over which 
the firm becomes bankrupt is expanded. In 
particular, with Ri, > 0, it is states with low 
marginal returns to output that are moved 
from the region in which equity holders are 
residual claimants to the bankrupt region, 
where debtholders are the residual claimants. 
In other words, these low marginal profit 
states are no longer relevant to equity holders 
and equity holders would therefore want 
output to rise. Thus an increase in debt 
tends to make equilibrium output rise. 

A football team that is behind late in the 
game will take chances that it would not 
normally take. The reasoning is that bad 
realizations are irrelevant, for the worst the 
team can do is lose, and it will do that 
anyway if it does not take chances. The more 


BRANDER AND LEWIS: OLIGOPOLY AND FINANCIAL STRUCTURE 961 


Debt holders 
residual claimants 


Equity holders 
residual claimants 





È Ce -i td 
(shift caused by 


an increase in debt) 


FIGURE 1. DIVISION OF STATE SPACE INTO 
DEBT-RELEVANT AND EQUITY-RELEVANT REGIONS 


the team is behind, the more aggressive it 
will become. Our firm, representing equity 
holders, reacts in the same way. As debt 
rises, low marginal value states become irrel- 
evant, for in those states the firm is turned 
over to the debtholders, and the equity 
holders get zero in any case. Since the firm 
restricts attention to higher marginal profit 
states, it adopts a more aggressive stance. 
(Note that the reasoning is precisely reversed 
if R}, <0.) 

Presenting this intuition rigorously re- 
quires a slightly different treatment for each 
different market structure. The case of mo- 
nopoly is easiest. The monopoly case is 
obtained by letting q; = 0 in expression (5) 
and by assuming that q; remains at zero 
throughout the comparative static exercise. 
Total differentiation of (5) with respect to q; 
and D; then yields the comparative static 
formula: f 


dq/dD = - Vp / Vi 


The denominator is negative by second-order 
condition (6), which means that dqg/dD has 
the same sign as Vh: Output rises with debt 
if increases in debt cause marginal expected 
profits to rise. 

The expression for V$, is given by 


ib a Ri(2;)d2,/dD, 
or, using (3a), 
(9) Vib ot Ri(2;)/Ri(2,) f (4). 


The intuition associated with this expression 
is central to our paper. The denominator of 
(9) is obviously positive. Therefore, V}, (and 
dq/dD) have the opposite sign to Ri(2,). 
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This term is just marginal profit evaluated at 
the worst state of nature relevant to equity 
holders. With Ri increasing in z, it follows 
that Ri evaluated at 2 must be negative, 
since a weighted average of Ri over 2 and 
strictly better states is zero from first-order 
condition (5). Expression (9) implies that V;, 
and, therefore, dg/dD must be positive in 
this case. The point is that 2 is precisely the 
marginal state that is being removed from 
consideration (by equity holders) as D rises. 
Consequently, the associated value of mar- 
ginal profit, R‘(2), is also thrown out of the 
marginal calculation determining output. 
Since this is the lowest value of marginal 
profit, optimal output must rise. 

This discussion proves that output is ris- 
ing in debt (for R}, > 0) in the case of mo- 
nopoly. This can also be proven for perfect 
competion and for other market structures 
as well. For reasons to be discussed later, it 
turns out that the cases of perfect competi- 
tion and monopoly are not very interesting 
when the full two-stage game is considered. 
The duopoly case is interesting in the full 
game. We return to the duopoly case now. 
Occasionally in what follows it will be help- 
ful to examine circumstances in which the 
ae are symmetric in the sense that D; = 

= D and operating profits Ri and R/ are 
ae functions.’° In this case, given (8), 
the Nash equilibrium in outputs will be sym- 
metric and unique. Proposition 1 is a formal 
statement, for the symmetric duopoly case, 
of the result just described for monopoly. 


PROPOSITION 1: Assume firms 1 and 2 
are symmetric. Then the Nash equilibrium out- 
put level q = q;= q; is increasing in the debt 
level D= D,= D, when Ri,>0 and de- 
creasing when Ri, "<0. 


For this and all subsequent proofs, we 
present the analysis only for the Rj,>0 
case, as the other case follows easily in a 
similar manner. 


©The symmetric case is also of empirical interest. 
Michael Bradley, Gregg Jarrell, and E. Han Kim (1984) 
present evidence that firms within the same industry 
tend to choose similar financial structures. 
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PROOF: 

(Ri, > 0) The comparative static effect of 
an increase in the common debt level, D, is 
determined by totally differentiating first- 
order condition (5) (V;'=0) with respect to 
4i» 4; and D. Normally one would have to 
differentiate both first-order conditions (for i 
and /) and solve the resulting simultaneous 
system for comparative static effects dg, /dD 
and dq,/dD. Here, however, we can exploit 
the symmetry of the model and totally dif- 
ferentiate just one of the first-order condi- 
tions, incorporating the constraint that dq, 
= dq; = dq. This yields 


Vidg + V;idq + VipdD = 0. 
Solving for dq/dD then yields 


(10) dg/dD = —V;,/(V;i+ Vj). 


The denominator in (10) is negative by (6) 
and (7). Just as for the monopoly case, V; is 
given by 


(11) Vip =~ Ri(2,)/RE(4,) f(4), 
and, since Ri is increasing in z, Ri(2;) must 
be negative (once again using (5)), implying 


that the expression in (11) is positive. Com- 
bining this with (10) yields 


(12) 


as was to be shown. 


dq/aD > 0, 


Two important corollaries follow directly 
from Proposition 1." 


COROLLARY 1: Assume firms 1 and 2 are 
symmetric. A completely equity-financed in- 
dustry (D =0) will produce a lower output 
than the corresponding leveraged industry 


11The statement of Proposition 1, and Corollaries 1 
and 2 are strictly correct provided 2,>2z whenever 
D, > 0. For simplicity we assume this to be the case in 
all that follows. If z; < z for some range of positive debt 
levels, then the output of firm i would remain un- 
changed over that range. 
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(D> 0) when Ri, >0. If Ri, <0, the equity- 
financed industry will produce more than the 
leveraged industry. 


COROLLARY 2: A necessary and sufficient 
condition for financial structure to have no 
effect on the output market is Ri,=0 for 
i=1,2. 


The intuition underlying Proposition 1 and 
Corollary 1 is just as described in the mo- 
nopoly case, and is not offset by the interac- 
tion between firms. 

It has been noted by several authors, par- 
ticularly Jensen-Meckling and Myers (1977), 
that if investments are chosen after financial 
structure is set (in contrast to the assump- 
tion of fixed capital maintained in our paper), 
then increasing the debt level should cause 
equity holders to undertake more risky in- 
vestments, since they can declare bankruptcy 
in bad states of the world, while earning high 
rates of return in good states.!? Our results 
concerning the output decision are conceptu- 
ally similar. The normal case, R}, > 0, corre- 
sponds to a situation in which increasing 
output increases the variance in the firm’s 
profit stream because the marginal returns 
from extra production are positively corre- 
lated with the overall fortunes of the firm: 
the firm benefits most from increased pro- 
duction in good states of nature, and is 
harmed most by overproduction in bad states 
of nature. Thus increasing output is, in our 
model, analogous to a risky investment in 
the Myers framework in that it tends to be 
more attractive to shareholders when the 
firm is partially debt financed. When Ri, < 0, 
increasing output is risk reducing. A ‘debt- 
financed firm will, in this case, reduce out- 
put, as it has less need to avoid risk because 
it can declare bankruptcy in bad states of 
the world. 

Corollary 2 confirms the assertion set out 
in the introduction that one cannot legiti- 
mately treat the financial and real sides sep- 
arately, except in special cases. Our next 


12See also D. Galai and R. W. Masulus (1976) and 


Joseph Stiglitz and Andrew Weiss (1983) for related 


consideration of conflict of interest issues. 
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result indicates the strategic commitment 
aspects of financial decisions on the firms’ 
behavior in the output market. 


PROPOSITION 2: Given Ri,>0, a unilat- 
eral increase in firm i’s debt, D,, causes an 
increase in q, and a decrease in q,. If Ri, <0, 
then dq,/dD, <0 and dq, /dD;,> 0. 


PROOF: 
(Ri, > 0) The method of proof is to totally 


differentiate first-order conditions (5) to gen- 
erate the following system: 


(13) 
(14) 


Vidq; + Viidq; T ip, aD; =0, 


Vjidq, + Vjdq;+ Vib, dD, = 0. 


The first point to note is that Vi does not 
depend on D,. Putting (13) and (14) i in ma- 
trix form and using Cramer’s rule to solve 
for comparative static effects dq;/dD; and 
dq; /aD, yields 


(15) 
(16) 


dq; /dD, = — iD VB/ B 


dq,/dD;=VinVi/B, 


where B=V;iVji —ViV}>0 from (8). Since 
B is positive, while Vj; < 0 by (6) and Vi <0 
by (7), all that is needed is to sign Vo 


(17) Vib, = — Ri(4:) f(4:) 42; /aD, 

oo Ri(2,)/Rf (4), 
by (3a). Notice that (17) is identical to (11) 
which we have already established is strictly 


positive in the proof of Proposition 1. It 
follows, therefore, that 


(18) 


which completes the proof. 


dq;/dD,;>0; dq,/dD; <0, 


Proposition 2 represents the key insight to 
be brought out in this analysis. Notice that 
first-order condition (5) is the reaction func- 
tion for firm i in implicit form indicating 
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Firm i's reaction function 


a2 
pie 2's reaction function 
di 
(a) Ri, > 9 
q A A x r 
2 Firm l's reaction function 


¢ Firm 2's reaction function 


q 


(b) Ri, <0 


FIGURE 2 


firm i’s optimal output as a function of q,, 
the output of its rival. The position of firm 
i’s reaction function in output space de- 
pends on the debt level of firm i. In particu- 
lar, with Rj, > 0, higher levels of debt, D; 
make it optimal for firm i to produce more 
in response to any output from its rival, firm 
j. As explained earlier in connection with 
Figure 1, an increase in a firm’s own debt 
level removes states of low marginal return 
from the region in which equity holders are 
residual claimants. This translates into a 
higher desired output level for any given 
output level chosen by a rival: in other words, 
as illustrated in Figure 2a, the reaction func- 
tion is shifted out. In effect, with Ri, > 0, 
debt financing serves to commit the firm to 
an aggressive stance in the output market. 
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B. Debt Value Maximization 


The idea that managers of a firm might be 
controlled by debtholders cannot be taken as 
a serious representation of many North 
American firms, but it may have some em- 
pirical significance. What we wish to do 
here is compare the objectives of debtholders 
with those of the equity holders. 

Proceeding as before, we characterize the 
Nash equilibrium in the output market, 
where now firms act to maximize their debt 
value as given by (4). The Nash equilibrium 
output levels are given by the simultaneous 
solution to 


(19) Wi= J Ri(qi dj z) f(z) dz =0, 

for i =1,2.14 In addition to (19) we require 
(20) 
(21) 
(22) 


Wi<0, 
Wi <0, 


WiW) -WiW)>0. 


pe ji 


These conditions carry the same interpreta- 
tion as (6)—(8) for the case of equity maximi- 
zation. According to Proposition 1, equity- 
managed firms tend to produce a level of 
output above the level that maximizes over- 
all firm value (debt value plus equity value). 
As noted by a referee, it follows almost 
directly that a firm managed by debtholders 
would choose an output level below the out- 
put maximizing level. We state this result 
without proof! as Proposition 3. 


PROPOSITION 3: Assume firms 1 and 2 
are symmetric and D,= D,>0. Equilibrium 
output under equity value maximization is 


13 For example, in some situations, control by debt- 
holders, especially banks, might be a precondition for 
obtaining financing. ; 

14 Besides the term in (19), W/ also contains the term 
(dz, /dq,)(R'(2)— D,), which is zero by (2). 

15A rigorous proof of Proposition 3 is contained in 
an earlier version of our paper available as UBC Eco- 
nomics Discussion Paper 85-10, or from the authors. 
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greater than (less than) equilibrium output 
under debt value maximization when Ri, 
> 0 (Ri, < 0). 


The results of Proposition 3 indicate the 
conflict of interest that exists between 
bondholders and equity holders in the firm. 
The different preferences of debt and equity 
holders for output levels are easily explained 
by noting that equity holders are residual 
claimants in some states, while debtholders 
are residual claimants in other states,. as 
illustrated in Figure 1. When Ri, > 0, equity 
holders prefer larger output levels than do 
debtholders, because the equity holders are 
the residual claimants in states of nature 
when marginal returns are high. Debtholders 
become the residual claimants in those states 
when the firm cannot cover its debt obliga- 
tion, which happen to be states in which the 
marginal returns to extra output are very 
low. 

Rather clearly, if Ri,<0, so that high 
marginal returns to output are associated 
with bad states of the world in which the 
debtholiders are residual claimants, the re- 
sults is reversed. In such a case, debtholders 
would prefer higher output levels than equity 
holders. 

An interesting implication of the forego- 
ing discussion is that when Ri, > 0, equity 
holders in the industry might well be better 
off if firms in the industry were controlled by 


bondholders. The reason for this is that ` 


equity-managed firms will tend to produce 
more than the joint profit-maximizing out- 
put. If the firms could agree to act as a 
cartel, they could increase combined profits. 
Transferring ownership to debtholders would 
cause the firms to move toward the cartel 
output level. Of course, no single firm would 
by itself have an incentive to transfer con- 
trol, for if one firm did and the other did 
not, the firm controlled by the. debtholders 
would do even worse than at the original 
equilibrium. In effect equity-controlled lever- 
aged firms suffer a magnified version of the 
usual “prisoner’s dilemma” aspect of oligop- 
olistic rivalry, with the amount of magnifica- 
tion increasing with leverage. 

It is intuitively reasonable that in the 
standard case (Rj, > 0), debtholders would 
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prefer lower output levels than equity hold- 
ers. What is perhaps more surprising is that 
debtholders, like equity holders, will in this 
case increase their desired output level as 
debt levels increase. In general comparative 
static effects for equity-controlled industries 
and debt-controlled industries are qualita- 
tively identical. 


PROPOSITION 4: A debt-controlled indus- 
try has the following comparative static prop- 
erties: (a) If firms are symmetric, equilibrium 
output is increasing in the common debt level 
D for Ri,>0, and it is decreasing in D for 
Ri,<0. (b) With Ri,>0, a unilateral in- 
crease in the debt of firm i, D,, causes an 
increase in the output of firm i and a decrease 
in the output of firm j. If Ri,< 0, the signs 
are reversed. 


PROOF: 

Proofs are obtained by totally differentiat- 
ing first-order conditions (19) with respect to 
output levels and debt levels and, solving for 
the comparative static effects, then using 
(20), (21), and (22), along with (3) to obtain 
signs. The details of the proofs are not re- 
ported here as they are virtually identical 
to the details in the proofs of Propositions 1 
and 2. 


Although these results may seem coun- 
terintuitive at first glance, the interpretations 
are straightforward. Consider the Rj, >0 
case. Looking at Figure 1 it is clear that an 
increase in debt levels raises the critical value 
of z; at which bankruptcy occurs. Debthold- 
ers become the residual claimants over a 
wider range of states of the world, as higher 
levels of z are added to this range. Because 
Ri,>0, the expected marginal profit of 
extra output goes up in the range relevant to 
debtholders. Therefore, on the margin it is 
profitable for the debtholders to increase 
output. As pointed out by a referee, in the 
limit, as the debt level becomes so large that 
debtholders become residual claimants in all 
states of the world, the firm will be managed 
just as if the firm were completely equity 
financed. Part b of Proposition 4 is ex- 
plained by the same phenomenon that un- 
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derlies the behavior of equity holders. For 
example, when R}, > 0, a unilateral increase 
in leverage shifts the firm’s reaction function 
outwards, increasing its equilibrium output 
and lowering the output of its rival. 


IH. Selection of Debt Levels 


The preceding sections have examined the 
dependence of industry output levels on debt 
structure, treating debt as a predetermined 
or exogenous variable. In this section we 
describe the determinants of the debt struc- 
ture. The existing literature on capital struc- 
ture examines several important factors in- 
fluencing the amount of debt chosen. The 
most standard treatment involves trading 
off the tax advantages of debt against 
bankruptcy costs in determining the opti- 
mal debt-equity position (as in Kraus and 
Litzenberger). Also, some analysts have 
stressed the use of capital structure to signal 
information about the firm to investors.!* In 
this section we abstract from these well-un- 
derstood determinants of financial structure 
and focus instead on an additional motive 
for holding (or not holding) debt that derives 
from the strategic commitment aspects of 
leverage in relation to output markets. 

In what follows we assume that the 
manager of the firm is free to choose 
whatever output level he desires after debt is 
issued. In particular, bond convenants, which 
would restrict the manager’s strategy deci- 
sions, are not considered. Bond convenants 
and other precommitment devices might, of 
course, be used for strategic purposes, but 
here we focus exclusively on strategic com- 
mitment through financial structure. 

The equilibrium concept we use for the 
selection of debt levels is the Nash equi- 
librium in debt levels, subject to the con- 
straint that firms and bondholders correctly 
anticipate the resolution of the Nash equi- 
librium in the output market. The equi- 
librium is, therefore, sequentially rational. 


16Standard references on the use of capital structure 
to convey information include Stephen Ross (1977), 
Hayne Leland and D. Pyle (1977), and Robert Heinkel 
(1982). 
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More specifically, firms and investors under- 
stand that equilibrium output levels are de- 
termined by debt levels as implied by the 
simultaneous solution to first-order condi- 
tions (5). We denote the functional depen- 
dence of output levels on debt levels as 
follows: q; = q;@D), where D = (D,, D3). 

The objective of the firm’s owners when 
making the debt decision is to maximize the 
total value of the firm, which is the sum of 
the equity value V‘ and the debt value W`. 
The basic point is that if potential debthold- 
ers are foresighted, then owners of the firm 
can sell bonds which promise to pay D, only 
for their true value, taking into the account 
the possibility of bankruptcy. This true value 
is Wi. Hence the total value of the firm, 
denoted by Y' is 


(27) ¥'(q,(D), 4;(D),D) 
> J Ra), q,(D)) f(2;)dz, 


+ [R(q(D),4)(D)) A(z) dz 


This expression is obtained by adding (1) 
and (4) and noting that 


[Diddi D-FE), 


leaving the two terms shown in (27). This 
combined value is, as one would expect, the 
expected value of operating profits over all 
states of the world. Because we abstract from 
bankruptcy costs and from the tax ad- 
vantages of debt, issuing debt is strictly a 
break-even transaction for the firm, except 
for the fact that equilibrium output: levels 
will depend on debt levels. If, by way of 
contrast, planned output levels were exoge- 
nously fixed (by, for example, quota alloca- 
tions) then issuing debt would be purely 
neutral, having no effect on total value, Y', 
as in a Modigliani-Miller world. However, q; 
and q; are written as functions of D, the 
industry debt structure, to indicate that out- 
put levels are in fact functions of the debt 
levels. A particular debt structure for the 
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industry is a commitment to a particular 
output structure. 

The marginal effect of an increase in D, 
on the value of firm i is given by 


(28) y= | [RCDd] /aD, 
$ | f RICA Cei) de |da; 
+ fee Ha yde, 


+ ONOI dq, /4D;. 


The first term is zero by (5). The second 
term measures the effect of an induced 
change on q; on the debt value of the firm. 
Notice that when Ri, > 0, (5) implies that 
Ri(z;) <0 for all z; < 23 reflecting the fact 
that equity holders will choose higher output 
levels than debtholders would like. A similar 
argument serves to establish that Rj > 0 for 
all z < ê whenever Ri, <0. Taken together 
these two conditions imply 


(29) f'Ri(z,)f(z)a2,<0( > 0) 


if Ri, > 0( <0). 


Using Proposition 2 (dg; /dD, > ( < 0) if Ri, 
>( <) 0), combined with (29), allows us to 
sign the second term in (28): 


(30) | [RGDA davan, <0. 


This term indicates that the induced change 
in output caused by taking on more debt 
exacerbates the conflict of interest between 
debt and equity holders and lowers the debt 
value of the firm. The third and final term of 
expression (28) represents the strategic effect 
of debt. A higher debt level for firm i in- 
duces a change in the equilibrium output of 
firm j. Specifically, if R}, > 0, a higher level 
of debt for firm i implies lower output for 
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firm j. This effect, taken by itself, raises 
both the debt value and the equity value of 
firm i because Ri <0. A lowered output by 
firm jis unambiguously good for firm i. 

Thus there are two conflicting effects of 
increasing debt on the value of the firm. 
Extra debt worsens the conflict of interest 
between debt and equity holders, tending to 
lower the value of the firm, as reflected in 
(30). In addition, however, extra debt has the 
value-increasing strategic effect we have just 
described. Despite these partially offsetting 
effects of debt, we are able to prove that the 
strategic effect dominates for sufficiently 
small levels of debt, insuring an interior (D' 
> 0) solution to the firm’s value maximiza- 
tion problem. Specifically, if D; = 0 there is 
no conflict between bondholders and ed 
holders (there are no bondholders) i implying 
that the second term of (28) is zero. 
first term is of course equal to zero, eh te 
third term remains strictly positive implying 
that Yp, is strictly aig at D;=0. 

The other case, Ri, > 0, has strikingly dif- 
ferent implications. in this case, dq; /dD, is 
positive, which implies that i increases in D; 
will cause the rival firm to increase output, 
which in turn lowers profits for firm i. 
Therefore the third term of (28) is strictly 
negative. Expression (28) as a whole is strictly 
negative at all feasible (nonnegative) levels 
for debt and we obtain a corner solution at 
D' = 0. These results are expressed in Propo- 
sition 5. 


PROPOSITION 5: Industry debt levels will 
be strictly positive if Ri, >0. If Ri,<0, 
firms will be entirely equity “financed. 


Proposition 5, together with Proposition 1, 
implies that if firms hold any debt, they will 
produce more output than in the traditional 
industrial organization version of oligopoly, 
in which firms are assumed to be 100 percent 
equity financed. 

The intuition underlying Proposition 5 is 
derived from our earlier results in Proposi- 


Strictly speaking 2 = 
the integral equal to zero. 


z in this situation, rendering 
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tions 2 and 3. When marginal returns from 
output are positively correlated with the state 
of the world (R‘,>0), Proposition 2 indi- 
cates that taking on more debt confers a 
strategic advantage of the firm, in that it 
causes the rival’s equilibrium output to fall. 
This strategic benefit from debt financing 
must be traded off against the resulting de- 
crease in the debt value of the firm as debt 
increases (as indicated by expression (31)). 
We have shown that the strategic effect must 
dominate for sufficiently low debt levels, 
leading to an internal solution for the debt- 
equity ratio. In the case in which good states 
of the world are correlated with low margin- 
al returns to output, debt has only value- 
reducing effects. The strategic effect of debt 
causes rival output to rise, and the conflict of 
interest between debtholders and equity 
holders remains. A corner solution with no 
debt is the solution in this case. 

It also follows from the discussion above 
that a monopolist or a perfectly competitive 
firm would choose a corner solution with no 
debt. In either case, the strategic effect of 
debt financing is not relevant and firms 
would have no reason, in our model, to 
use debt. Therefore, strategic commitment 
through financial structure does not apply to 
monopoly and perfect competition in the 
same way that it applies to oligopoly. 

Proposition 5 should be interpreted with 
some care, since it is derived from a model 
in which certain empirically important de- 
terminants of financial structure, such as 
taxes, are explicitly ignored. Our analysis 
isolates the strategic output market effects as 
an influence on financial structure. 

Our final result makes the point that, at 
least in the symmetric case, equilibrium debt 
levels do not maximize value for the firms 
taken together. While this is not surprising, 
given that firms behave noncooperatively in 
financial markets, it does suggest certain col- 
lusive financing arrangements that firms 
might profitably engage in. 


PROPOSITION 6: Under symmetric condi- 
tions the value of the industry, Y'(D)+ Y*(D) 
= 2Y(D), is not maximized in equilibrium. In 
particular, dY(D)/dD<0 if Ri,>0, and 
dY(D)/dD > 0 if Ri, <0. 
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PROOF: 

(Rj, > 0) If (6) and (8) hold globally, then 
in the special case where D,=0, 7= Z, and 
4: = 4; = q, then (6) and (8) imply 


(33) [Raq 2) f(z de 


is strictly concave in q. Proposition 6 then 
follows directly from the fact that com- 
pletely equity-financed firms fail to maxi- 
mize joint profits because of excess produc- 
tion. This tendency on the part of firms to 
overproduce is exacerbated as they take on 
debt. 

The basic point of Proposition 6 is 
straightforward. A noncooperative oligopoly 
produces more output than a profit-maximiz- 
ing cartel or monopoly would. When Ri,>0, 
increases in debt beyond zero cause output 
to rise still further: the use of debt low- 
ers profits. In other words, debt is actually 
procompetitive. An interesting observation is 
that standard Cournot oligopoly corre- 
sponds exactly to the case of complete equity 
financing. Ignoring the interaction between 
financial and output markets causes the 
competitiveness of such oligopolies to be 
understated. 

This structure also suggests that central 
control of financing arrangements might be 
an attractive collusive practice. If credit 
markets for a particular industry are quite 
concentrated, then lenders would have in- 
centives to act as facilitating agents for col- 
lusion. 


IV. Concluding Remarks 


This paper makes the basic point that 
product market decisions and financial deci- 
sions will normally be related. We have 
analyzed this relationship for a particular 
industry structure in which financial deci- 
sions and product market decisions follow in 
sequence. In this situation, the limited liabil- 


_ ity provisions of debt financing imply that 


changes in financial structure alter the distri- 
bution of returns between debt and equity 
holders, and therefore change the output 
strategy favored by equity holders. 
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Because financial structure influences the 
output market equilibrium, foresighted own- 
ers of the firms will have incentives to use 
financial structure precisely so as to in- 
fluence the output market in their favor. 
Given the behavior of the rival firm, a firm 
which ignored the strategic effect of financial 
decisions would have lower total value than 
a firm which took advantage of these effects.1® 
These strategic uses of financial structure are 
purely predatory, and the net effect when 
both firms use them is that both firms are 
worse off. In our model, symmetric firms use 
financial structure as a commitment variable 
to influence the output market equilibrium. 
The symmetry is, however, not fundamental. 
One could examine an asymmetric market in 
which, for example, an incumbent firm used 
financial structure to preempt possible entry 
by a rival, just as capital or R&D can be 
used to deter entry. 

Our analysis abstracts from empirically 
important aspects of the financial structure 
decision. In any empirical work one would 
certainly have to incorporate the tax ad- 
vantages of debt, and the possibility of 
bankruptcy costs. In addition, the so-called 
agency aspects of financial structure could 
be very important. Specifically, if the firm is 
run not by shareholders but by imperfectly 
monitored managers, then very different re- 
sults could emerge. Managers, presumably, 
would be very concerned about losing their 
jobs, especially if the outside world cannot 
tell whether a bankrupt firm has suffered 
bad luck or bad management. If so, then 
high debt levels might normally make the 
management of a firm extremely cautious 
and might tend to reduce industry output, in 
contrast to certain results in our model. 

The analysis by Michael Bradley et al. 
and others indicates that there are systematic 


18 The difference between our analysis and the analy- 
sis of conflict of interest in Myers (1977) is that here the 
returns themselves are endogenous. The endogeneity of 
the returns arises because the returns depend on a 
choice variable, output. If returns were purely exoge- 
nous, as in Myers, the creation of a conflict of interest 
between bondholders and debtholders could only lower 
the value of the firm unless there were some other 
advantage to debt, such as a tax advantage. 
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differences across industries and similarities 
within industries with respect to financial 
structure. Our analysis suggests that these 
variations in financial structure might be ex- 
plained by industry-specific factors. For ex- 
ample, the mode of competition within an 
industry: price competition, quantity compe- 
tition, RaD races, competitive advertising, 
and so on, would all have significant and 
different implications for financial structure. 
In addition, as shown in our model, the 
pattern of random returns (as reflected, for 
example, by the sign of R',) is likely to have 
an effect on financial structure. 

Another implication of our analysis is that 
the institutional structure of credit markets 
can have an important impact on the eco- 
nomic performance of output markets. In 
our model, we identify an opportunity for 
credit institutions with monopoly power to 
act as a facilitating agent for collusion in the 
output market, but this is only one of several 
possible links. Finally, our model suggests 
that the public finance aspects of interest 
deductability might well include the output 
effect that is induced by the resulting higher 
debt levels. 

The overall point that we wish to em- 
phasize is that opening the linkage between 
financial markets and the “real” side of firms’ 
decisions for analysis suggests a number of 
possibly important and certainly interesting 
economic consequences, of which our model 
provides some examples. 
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Horizontal vs. Vertical Information Structure of the Firm 


By MASAHIKO AOKI* 


This paper compares the efficiency of two information structures, hierarchical and 
vertical, of the firm in coordinating operational decisions among technologically 
interrelated shops whose costs are uncertain. In the first, the capability of 
management to monitor and respond to emergent events at the shop level is 
bounded. In the second, production decisions are coordinated among shops without 
the centralization of information, whose capability of semiautonomous problem 
solving improves through learning by doing. This study is motivated by a 
U.S.— Japan comparison of industrial organization. 


The objective of this paper is to compare 
the efficiency of two informational structures 
of the firm in coordinating operational deci- 
sions among interrelated units (shops) whose 
cost conditions are uncertain. One informa- 
tional structure is hierarchical—manage- 
ment possesses a perfect a priori knowledge 
of the technological possibilities of shops, 
but is incapable of perfect monitoring of 
emerging events affecting these technologies, 
and/or having rapid corrective actions im- 
plemented at shops. The second structure is 
horizontal—production decisions are coordi- 
nated among semiautonomous shops that 
have only incomplete knowledge of technol- 
ogy at the outset, but gradually become ca- 
pable of responding to emerging events more 
quickly by better uses of on-the-spot knowl- 
edge. This paper is exclusively concerned 


with efficiency properties of the two infor- . 


mational structures; and the issue of their 
incentive compatibilities is relegated to other 
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work.! The comparison of the two structures 
is purely analytical, but I hope to provide 
a conceptual framework for a U.S.—Japan 
comparison of industrial organization (such 
as workshop organization, internal firm 
organization, manufacturer-suppliers rela- 
tions, etc.). Another obvious application 
would be to production coordination in the 
socialist economy. In this application, the 
management should be read as the ministry 
of industry and shops as firms. 


I. Motivation of the Study 


This section, as a way of motivating the 
present study, describes several stylized con- 
trasts between Japanese and U.S. firms perti- 
nent to the operation of the internal organi- 
zation, as well as to the degree and mode of 
integration. These references are mainly di- 
rected toward large unionized firms in the 
manufacturing industry. 


A. Specialization vs. Learning 


There is ‘a distinct difference in the way 
work is organized on the shop floor in the 
typical Japanese firm (denoted J firm) and 
the typical American (unionized) firm (de- 
noted A firm). In the A firm, workers’ jobs 
are specified according to a job classification 
scheme stipulated in a collective agreement, 


1See my 1985 paper for an exploratory attempt on 
this issue. 
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and each worker is required to perform his 
(her) own specialized task according to for- 
mal or informal rules, operation manuals, 
supervisor’s directives, etc. When irregular 
events happen, such as the absenteeism of 
workers, breakdown of machinery, or pro- 
duction of an abnormally high rate of defec- 
tive products, remedies are usually sought by 
supervisors, reliefmen, repairmen, engineers, 
and the like. Manual workers are not specifi- 
cally responsible for coping with unexpected 
emergent events. 

In contrast, in the J firm, workers’ jobs 
are not specified in detail and workers ro- 
tate among various jobs with some frequen- 
cy within, as well as beyond, workshops. 
Through this practice, workers are gradually 
made familiar with the whole work process 
and become capable of coping with unex- 
pected emergencies. As Kazuo Koike con- 
vincingly argues, such capability constitutes 
one of the most important components of 
the workers’ skills.” In fact, there is a consid- 
erable degree of delegation of decision-mak- 
ing power to the group of workers on the 
shop floor. They are encouraged to solve 
emergent problems by themselves and im- 
provise improvements on designed work 
processes. When needed, the repairmen, in- 
spectors, and engineers are willing to cooper- 
ate with the workers in joint problem solv- 
ing. 

The emphasis at the A firm is on the 
efficiency attained through job specialization 
and rational hierarchical control, whereas at 
the J firm, it is on the workers’ grass roots 
capability to cope with emergent events fos- 
tered by collective learning by doing. The 
Japanese approach has proved to be effective 
from a quality- and cost-control point of 
view in industries such as steel and automo- 
tive manufacturing where cost reduction has 
been attained largely through improvements 
on fairly established technology. But, will it 


?The practice of job rotation in the Japanese 
workshop is described and its implication to skill for- 
mation is thoroughly discussed in Koike (1984). Based 
upon his own extensive field work, Koike (1985) also 
maintains that an important part of the workers’ skills 
consists of their ability to cope with unexpected emer- 
gencies. 
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be equally effective in the high-tech industry 
where the speed of technological obsoles- 
cence is likely to be high, and general educa- 
tional training seems to be gaining impor- 
tance as a component of workers’ skills? 


B. Hierarchical Control vs. 
Horizontal Coordination 


In the uncertain world where complete 
contingent contracts cannot be written be- 
cause of “bounded rationality” of concerned 
agents, emergent events have often to be 
dealt with, ex post. Different modes of trans- 
actions would emerge, depending upon how 
and by whom they are dealt with. In the A 
firm, decisions involving discretion are nor- 
mally hierarchically organized according to 
their importance. In fact, some authors argue 
that the layering of specialized decision mak- 
ing in order to cope with emergent events for 
which detailed specification of appropriate 
actions cannot be formulated ex ante is the 
essence of hierarchy.’ 

In the J firm as well, decisions involving a 
high degree of uncertainty, such as invest- 
ment and research and development, as well 
as those responding to a high degree of 
irregularity are placed under hierarchical 
control. However, once an overall frame- 
work for production is laid down by such 
strategic decisions, horizontal informational 
exchanges and semiautonomous coordina- 
tion of operations by relevant subordinates 
are emphasized. In contrast to the prominent 
role played by the expediter in the A firm, 
the coordination of production between J 
firm workshops to facilitate a smooth pro- 
duction flow along the production stream is 
often done by horizontal communication 
without the intervention of a supervisor, as 
the highly publicized “kanban-system” at 
the Toyota factory exemplifies. A kanban is 
a tag-like card put in a vinyl envelope which 
orders from the immediately upstream shop 
(or the supplier) a particular amount of 
materials, tools, parts, or processed goods at 
a particular time. Robert Cole aptly draws 
an analogy between this practice and “the 


3See for example, David Kreps (1984). 
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system we use in restocking supermarkets” 
(1985, p. 106). Although apparently crude, 
the kanban system is considered to have 
contributed greatly to reducing inventory and 
waste, uncovering bottlenecks, allowing for 
rapid adjustment of product lines, and re- 
ducing managerial personnel.* 

The emphasis at the A firm is on the 
efficiency attained by rational technocratic 
control, whereas, in the J firm, it is the 
efficiency attained through the use of on- 
the-spot knowledge and rapid problem solv- 
ing through learning by doing. In the former, 
decisions may be made consistently and ra- 
tionally from the organizational point of 
view, once an emergent problem is recog- 
nized. However, if the quality of information 
is poor, the manager may be slow and im- 
precise in recognizing the problems to be 
handled. Also, subordinates, by not being 
included in decision making, may lack the 
motivation to report problems and to imple- 
ment the hierarchical order in a precise and 
swift way. Thus using the hierarchical sys- 
tem involves the cost of monitoring due to 
the bounded rationality of the supervisors, 
and the cost of implementation due to the 
lack of incentives of the subordinates. 

On the other hand, in the J firm, sub- 
ordinates may be motivated to respond to 
emergent events swiftly in a way which they 
conceive to be consistent with the organiza- 
tional purpose, provided that organizational 
goal is internalized by them. However, the 
ability of subunits to coordinate their deci- 
sions between themselves in a way actually 
consistent with the organizational purpose 
would be limited by their partial under- 
standing of the whole mechanism operating 
within the firm. This understanding can be 
enhanced by learning by doing, but is costly 
in terms of time. Also, the problem-solving 
capability of subunits through horizontal co- 
ordination would be limited by the lack 
of centralization of information concerning 
emergent events which affect various other 
subunits. 


4For more details on the kaban system, see Cole 
(1985) and Yashuhiro Monden (1983). 
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Which of the two information and deci- 
sion-making structures, hierarchical or hori- 
zontal, is more effective for controlling the 
total costs of the system in changing en- 
vironments? How does the complexity of 
technological interdependencies of subunits 
affect their relative efficiency performances? 


C. Integration vs. Quasi Disintegration 


The degree of integration of the A firm is 
normally much higher than that of the J 
firm. A joint U.S.—Japan study of the auto- 
motive industry estimates that 45 percent of 
a car’s purchased value is provided by U.S. 
manufacturers and. their wholly owned sub- 
sidiaries, with 55 percent being provided by 
outside suppliers. Only 25 percent of a car’s 
purchase value is made in-house for Japanese 
manufacturers.” This difference is due to an 
extensive reliance of Japanese major manu- 
facturers on suppliers which are normally 
smaller in size and often referred to as “sub- 
contractors.” 

A reason often cited for the extensive de- 
ployment of the subcontracting relations by 
the J firm is that, since the rate of its growth 
was so fast, it could not generate enough 
internal resources for integration to an ex- 
tent comparable to that which the A firm 
had achieved over its longer course of growth. 
This may partially explain the genesis of the 
extensive subcontracting relations observed 
in the Japanese manufacturing industry. But 
if this was the only reason, and there was no 
intrinsic comparative advantage of a subcon- 
tracting relationship over more complete in- 
tegration, the former would have been grad- 
ually replaced by the latter as the growth 
rate of the economy slowed down and the 


5See Cole and Taizo Yakushiji (1984, p. 153-54). 

Precisely speaking, the subcontractor is a legal con- 
cept in Japan. According to Basic Law for Medium and 
Small Enterprises and Law for Preventing the Delay of 
Payment of Subcontracting Fees, firms with 300 or 
fewer employees, or with 100 million yen or less paid-in 
capital, are classified as subcontactors when they have 
contractual relations with larger firms for supplying 
parts, processed products, matrials, etc. Excellent stud- 
ies on subcontracting relations in the Japanese automo- 
tive industry are found in Banri Asanuma (1985) and 
Cole and Yakushiji (ch. 9). Also see my book (1984a). 


974 THE AMERICAN ECONOMIC REVIEW 


accumulation of internal resources of the J 
firm progressed in the 1970’s and the early 
1980’s. On the contrary, the degree of reli- 
ance of the J firm on subcontracting rela- 
tionships has increased over this period.’ 
Furthermore, the relationship between the 
parent firm and its subcontractors has come 
to be much more systematic and formalized. 
The large J firm maintains long-term, direct 
relations with primary subcontractors that 
are loosely organized into associations of 
cooperating firms (kyoryoku-kai); and those 
primary subcontractors in turn maintain re- 
lations with secondary subcontractors, etc. 
Instead of a highly integrated, hierarchical 
firm, we observe a quasi-disintegrated, quasi- 
hierarchical group of firms (hereafter re- 
ferred to as the J-firm group) in which 
subcontractors maintain semiautonomous 
control of production, although the main 
manufacturers typically have minority equity 
holdings in their first-tier suppliers, and ex- 
ercise substantial influence over the direction 
of research and development as well as over 
investment decisions by the latter. 

The benefits of integration vis-a-vis the 
market have been discussed by many authors. 
Integration may be able to reduce the cost of 
market transactions caused by the opportun- 
istic and inefficient behavior of a seller and 
buyer in situations where either the buyer or 
the seller must make transaction-specific 
investments (Oliver Williamson, 1975, and 
Benjamin Klein et al., 1978), and/or where 
it is too costly for one party to specify a long 
list of the particular rights it desires over 
another party’s assets (Sanford Grossman 
and Oliver Hart, forthcoming). Another mo- 
tive for integration may be to communicate 
uncertain information regarding upstream 
supply conditions more efficiently (Kenneth 
Arrow, 1976). 

But as Grossman and Hart argue, the 
transaction-cost and information-cost-based 
arguments did not elucidate where the ben- 
efits of integration will stop. Ronald Coase 
(1937) states that the size of the firm is 
limited by the capacity of the single owner in 
the number of activities he can manage. This 


7See my paper (1984b). 
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is unconvincing, however, because organiza- 
tional innovation such as the multidivisional 
form may overcome this limit (Williamson, 
1975). Facing this problem, Williamson 
(1985) came to argue that excessive integra- 
tion may sacrifice the efficiency possible un- 
der the “high-powered” market incentive. 
Consequently, he states, if benefits of high- 
powered incentives are potentially high, while 
the transaction in question involves a sub- 
stantial degree of asset specificity, “new hy- 
brid forms” of organization other than the 
firm may appear in response. I submit that 
the information costs may also increase from 
excessive integration and that may provide 
another reason for the emergence of the 
J-firm group, which is an example of such a 
hybrid form. 

The J-firm group may combine some of 
the benefits of both integration and the 
market. Since the relationship between the 
parent firm and subcontractors is of a long- 
term nature, both would come to have a 
fairly good knowledge of each other’s tech- 
nology, and inefficient price haggling would 
not be a serious problem. In Williamson’s 
terminology, conditions of “information im- 
pactedness” (1975, pp. 31-33) are more easily 
overcome and, even when they appear, are 
less likely to give rise to strategic behavior. 
Also, since an implicit/explicit arrangement 
of profit sharing is the normal practice in 
this long-term relationship,’ underinvest- 
ment in transaction-specific assets may be 
avoided to both parties’ mutual advantage. 
On the other hand, since the long-term rela- 
tionship is maintainable only if it is benefi- 
cial to both parties, but is otherwise dis- 
solvable albeit at some cost, the “midpower” 
market incentive would operate within the 
J-firm group; that is, subcontractors would 
take greater care in cost control and quality 
control of their production as compared to 
in-house supply divisions. But these relative 
advantages still remain hypothetical, unless 
an efficient information system between the 
parent firm and its subcontrators for coordi- 
nating their operations is possible without 
consistent hierarchical direction under an in- 


5See my paper (1985) and also Asanuma. 
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tegrated firm or the efficient signal of com- 
petitive prices. 

As indicated above, one of the premises 
for the efficiency of the J-firm group is tech- 
nological knowledge sharing between the 
parent firm and its subcontractors for miti- 
gating the problem of opportunistic behav- 
ior. However, within a general framework of 
knowledge sharing, day-to-day monitoring 
of emergent events affecting the cost ef- 
ficiency of productive operations and/or 
product quality may be delegated to subcon- 
tractors. Then the information exchange nec- 
essary for rapid corrective action can be 
made more direct by coordination between 
the relevant operational units (for example, 
between parts-supplying subcontractors and 
the assembly shop of the parent firm, be- 
tween first-tier and second-tier subcontrac- 
tors, etc.), without the intermediary of an 
elaborate, centralized control mechanism 

However, is this quasi-decentralized coor- 
dination within the J-firm group not a crude 
information system? Is it not likely to be the 
case that the administrative costs of a highly 
integrated firm will be reduced in the near 
future by the rapidly growing information- 
processing technology and more reliable 
robotic technology? Or will the quasi-disin- 
tegrated group continue to exhibit higher 
transaction-cost savings in spite of these new 
developments? 

I have described three stylized contrasts 
between the A firm and the J firm/J-firm 
group. They include oversimplifications 
inevitable in any stylized formalization. 
Neither a pure J firm nor a pure A firm 
exists. Any American or Japanese firm can 
contain some aspects of both. There is also 
much anecdotal evidence that many Ameri- 
can firms have recently been adopting some 
elements of the J firm, such as the simplifi- 
cation of the job classifications scheme, an 
increased delegation of decision-making au- 
thority to line organizations, more sys- 
tematic relationships with suppliers, etc. One 
may also argue that the three issues dis- 
cussed above are only mildly related to each 
other. -I submit, however, that if these three 
stylized contrasting features are taken to- 
gether as a benchmark from the informa- 
tional structure point of view, one funda- 
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mentally common issue arises. That is the 
issue of relative efficiency of what I call 
“horizontal coordination” based on learning 
by doing vs. rational “hierarchical control” 
based on specialism. 

Suppose that strategic decisions (such as 
those that involve investment as well as the 
direction of research and development) are 
made by superordinates (the management of 
the firm). Given these decisions, actual oper- 
ations of subunits (shops) must be adjusted 
and coordinated accordingly as emergent 
events affect the efficiency of each unit. In 
order for efficient coordination to occur, the 
monitoring and identification of emergent 
events affecting cost efficiency as well as 
quick implementation of corresponding op- 
erational decisions are imperative. In the 
horizontal coordinating system, these tasks 
are delegated to subunits performing rele- 
vant operations that are limited in their 
capacity to recognize a relevant emergency 
at the outset. Even if they do, since the 
centralized use of information concerning 
emergent events is absent, problem solving 
at the subunit level may not satisfy the first- 
best condition. But, through learning by 
doing, the subunits can improve their ability 
to perceive emergent problems and to find 
corresponding solutions. Once a problem is 
recognized and a corresponding solution 
found, the subunits should be able to imple- 
ment it quickly. 

On the other hand, in the hierarchical 
control system, management has a priori 
knowledge of the overall production technol- 
ogy. But their capacity to identify emergent 
events affecting production technology of 
subunits and to enforce the implementation 
of appropriate operational decisions upon 
said subunits may be limited and costly, 
simply because management is removed from 
operational activities. In other words, the 
rationality of the superordinates is apt to be 
“bounded.” 

Thus the relative efficiency of the two 
systems depends upon the following factors: 
the ability of subunits to learn how technol- 
ogy is affected by emergent events and how 
these events should be dealt with (the speed 
of learning); the initially endowed ability of 
subunits to understand the nature of tech- 
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nology as well as the speed of obsolesence of 
technology; and the ability of management 
to identify emergent problems at the subunit 
level as well as to enforce the implementa- 
tion of operational decisions upon subunits 
as quickly as possible (the quality of 
hierarchical informational structure and the 
reward system). In the next section, I con- 
struct a simple analytical model of horizon- 
tal coordination in which learning by doing 
by subunits would play a significant role, 
and a model of hierarchical control whose 
rationality is bounded; I then analyze how 
the factors affect the relative efficiency of the 
two models. As I have indicated, it is likely 
that the aspects of hierarchical control and 
those of horizontal coordination may coexist 
in any single firm. Therefore, the following 
model comparison may be understood as an 
analytical device for considering the problem 
of an optimal mix of the two approaches 
within a firm. 


Il. The Model 


Let us employ the production model due 
to Jacque Cramer (1980) and John Geana- 
kopolos and Paul Milgrom (1985) as a basis 
for the comparative analysis of the two in- 
formational structures of the firm. Let us 
consider a system composed of n technologi- 
cally interrelated subunits called shops, 
identified by index i=1,...,n. Let x;E R" 

‘denote a vector of net production assign- 
ment of the ith shop, with the convention 
that negative components indicate inputs and 
positive components outputs. Suppose that 
the cost incurred by shop ¿i to realize a 
production assignment x, is represented by 
a quadratic cost function: ? 


C,(x;, u;) = [x,- 4, )'Bx,— u,]+ 4; 


(i=1,...,”) 


where B, is a positive semidefinite matrix 


°Arrow (1985) cautions against the use of a quadratic 
function for the study of information structure. As he 
states, the use of the quadratic function sometimes leads 
to strange analytical results. I assume that the quadratic 
representation of technology is a local approximation 
for nonlinear technology. 
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with at least one diagonal element being 
strictly positive, A, is a constant matrix, and 
u;E R5 is a random variable representing 
cost uncertainty with E[u; = už, E[(u;— 

už y(u; — užy]= var U; and El(u, — u7 y(u; 
— u*)’]=0 for i + j. The cost C; may repre- 
sent the ‘ ‘outlay” from the system or the 
effort expenditure level incurred by shop i to 
realize its production assignment. 

The objective of the system is to realize a 
net output target: 


x* = 2x; 
with the expected minimum aggregate cost 
E[C(x,u)] 
responding to emergent events ex post. Given 


an observed event u= (u;,..., U„), the solu- 
tion to this problem is 


= ZE[C,(x;,4;)| 


(1) xP =u,+ B;'B[x*-U] 


where B=[ZB> ]*; U=2u,. 

If the system can identify emergent events 
and implement corresponding cost-minimiz- 
ing solutions immediately, the expected total 
cost under this perfect control is 


C? = E{ 3[x*-U]'BB;'B[x*—U]} +34, 
= C*+tr[B varU] 
where C*=[x*—U*]’B[x*—U*]+ 34, 
U* = Zut 
tr[ B var] = E{{U-U*]'B[U -U*]}. 


On the other hand, if the system cannot 
identify emergent events, the system rou- 
tinizes its production at the level 

x? = ut + B; B[x*~U*] 


(i=1,...,n) 


so as to realize the minimum expected total 
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cost under no ex post information condition: 
C= DE{[ x? —u,]’B,[x? —u,]} +24, 
=C* +5 trl Byar u;], 
where 
sf evar u;]=E{[u;— už YB [u;—u7]}. 


The solution x? corresponds to Martin 
Weitzman’s (1974) quantity solution in his 
treatise on price vs. quantity. We are inter- 
ested in two control mechanisms whose cost 
performances lie somewhere between the 
perfect control case and the no ex post infor- 
mation case. 


A. Bounded Rational Control 


Let us consider a control mechanism in 
which the managing unit sends assignments 
to each shop. Management has perfect 
a priori knowledge concerning technologies 
of shops (i.e., it knows B,’s) and is capable 
of calculating the optimal solution once an 
emergent event is identified, but its rational- 
ity is bounded in two respects: it can iden- 
tify emergent events only imprecisely, and 
can have production assignments imple- 
mented only with some delay—meanwhile, 
events may change. 

First, suppose that the perception u?” 
of management of an emergent event u; is 
errored in such a way that 

ut =u; +o; (i=1,...,2) 
where v, is a stochastic vector with E[v,] = 0 
and E[v;v{] = YE[(u;— u¥ Xu; — užy] for 
some constant y. Given the quadratic loss 
function, expected loss is minimized by set- 
ting u; = uł" in equation (1). Production as- 
signments would therefore be 


i 


xb =u" + B7'B|x*-— 2ut"] 
(i=1,... n). 
Second, it is assumed that time A elapses 


between the perception of an emergent event 
by the management and the implementation 
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of the corresponding production assignments 
and that emergent events constitute a first- 


order autoregressive process defined by 


` du;(t)+ hu,(t) dt = dp,(t) 
(i=1,...,n), 


where h is a positive parameter representing 
the rate at which the environment forgets the 
past history of u; and {p;} is a random 
process with orthogonal increments. It can 
be shown that the process u,(t) defined by 
the above equation satisfies the following 
relation: !° 


E{[u,(t)- u¥|[u,(t+A)— u|} 
=e "4 varu,(t). 


When an event u(t) (i=1,..., n) is per- 
ceived by management and the correspond- 
ing production assignments are implemented 
after time A, the expected instantaneous total 
cost at the time of implementation would be 


Co =| xt (t) u(t + A)]'B, 
x [xt (t)- u;(t+A)] +34, 
=C*+tr[B varU]+(7+2(1-e7"4)) 
x {3 tr[ B,var u,]—tr[ B var U]} 
=C"+(y+1—2e""4)(C"—C?). 


Actually the production assignment x?” 
(i=1,...,2) does not minimize the expected 
cost given the perception error and the time 
lag in response to emergent events. This can 
be easily seen from the observation that if y 
or hA is sufficiently large, C® can exceed 
the cost C” under no ex post information. 
In such cases it is better not to react to 
changing events, but to make routine the 
noninformation solution (i.e., the Weitzman 
solution). 


See A. M. Yaglom (1962, chs. 2 and 3). 
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If management is rational enough to rec- 
ognize its bounded rationality, what it ought 
to do to reduce the expected cost is to mix 
the production assignments x” and x?" In 
other words, before utilizing perceived infor- 
mation u?’, management ought to shrink it 
to the expected value. Let 


xi(t+A) = ax?'(t)+(1—a)x? 


 (i=1,...,n). 


Then the aggregate instantaneous cost would 
be 


C=C" + {(1+ y)a? —2ae™*t}(C"-C?). 


By choosing a= e7*8/(1+ y), the expected 
cost would be minimized at the level 


C=C" — e7™A(C" —CP)/(1+ y). 


Suppose that the time discount rate of the 
system is 6. (It is assumed that the rate of 
discount captures the effect of technological 
obsolescence as well.) Then the sum of 
discounted expected costs from the present 
to the infinite horizon would be 


i ? o- Cat 


= (1/8){C” - e7”A(C" -C?)/(1+ y)}. 
B. Learning by Doing 


An alternative mechanism in controlling 
the system is the horizontal coordination in 
which decisions on inputs and outputs of 
shops are coordinated among relevant shops. 
But the shops capacity to coordinate is 
limited in two respects: the ability to iden- 
tify emergent events is initially limited and 
can only be improved upon over time through 
learning by doing; and the horizontal coor- 
dination by shops is imperfect as each shop 
lacks information concerning technologies of 
other shops except for those directly related. 


Ugince I am concerned with a quadratic program- 
ming, the optimal solution is a linear function of x,’s. 
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However, once shops acquire the skill to 
identify emergent events affecting their own 
and their transaction partners’ cost condi- 
tions, they can implement (at least locally) 
an appropriate production plan without de- 
lay. First, let us concentrate upon the effect 
of learning by doing by assuming that shops 
can somehow find and implement the opti- 
mal solution of production corresponding to 
a perceived emergent event. Let us call this 
mechanism—in which the perceptive abili- 
ties of shops improve ovet time and they 
become perfectly capable of calculating opti- 
mal solutions—quasi-horizontal coordina- 
tion. The problems arising from imperfect 
coordination due to the lack of centralized 
technological information will be considered 
later. 

Assume that the shops’ perceptive abilities 
are represented by the probability f of iden- 
tifying true emergent events. Suppose that, 
if the shops identify a situation, an opti- 
mal solution correspondent to it is imple- 
mented. If not, the no ex post information 
solution x? (i=1,...,”) is routinized. Then 
the instantaneous expected total cost of the 
systme under this quasi-horizontal coordina- 
tion would be 


CH=" f(C"-C?). 


Suppose that the probability of problem re- ` 
cognition improves over time through learn- 
ing by doing according to 


af (t)/dt = kf(t){log[1/f(t)]}, 


where k is a positive parameter representing 
the rate of learning. Upon integration, we 
obtain the Gomertz growth model 


f(t) =exp{—Be~*}: 


When ¢=0, f(0)=e7* so that the inverse 
of 8 may be identified with the initial ability 
of shops as regards to problem identifica- 
tion. As ¢ goes infinity, f approaches one. 
The sum of expected discounted costs un- 
der the quasi-horizontal coordination from 
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the present to the infinite horizon is 


Í ? e=ètCah( t) dt = (1/8) C” 
- [ =- ôt — Be~**) d(C" — CP) 


= (1/8)C" = (1/k) f" exp{ -= (8/k)y 


- Be~”} dy(C"-C?). 


By setting 8/k=6 


= (1/8){C" — 68-*»(8, B)(C"- C?)}, 


where » is the incomplete gamma function: ?? 
v(6,B) = fou ds. 
0 


The value of 68~°»(6, B) is monotonically 
decreasing in both @ and 8. By comparing 
the sum of expected discounted costs under 
the bounded rational control and the quasi- 
horizontal control, we have the following 
proposition. 


PROPOSITION 1: The sum of discounted 
expected costs under quasi-horizontal coordi- 
nation is smaller than that under bounded 
rational control if and only if 


e244 (1+ y) < OB-%r(8, B). 


Thus the relative advantage of quasi- 
horizontal coordination is positively related 
to the lag in hierarchical adaptation to emer- 
gent new events represented by A, to the 
degree of imprecision of management’s per- 
ception represented by y, to the relative 
ratio of the rate of learning of shops to the 
time discount rate represented by @, and to 
the initial ability of shops to perceive emer- 
gent events represented by the inverse of B. 
This is independent of technological data 
represented by B,’s and var u,’s. Specifically, 


12See I. S. Gradshteyn and I. M. Ryzhik (1980, 
pp. 308, 940). 
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increased 6 


e-2ha 
1+ Y 





ep °v(6,8) 
B 
FIGURE 1 


if 8 =1, then »(1,8)=1—e7* so that the 
condition can be simply written as 


eW*A47(1+ 7) < 8> [1—f(0)]. 


Since lim g -, 08- ®»(6, B) = and 
img bB ®»(0, B) =0, it Wold that 


COROLLARY 1: The value of B must be 
smaller than a certain strictly positive maxi- 
mum value in order for the quasi-horizontal 
coordination to be relatively advantageous. 
This maximum value of B decreases as h, y, 
and A decrease and as @ increases. (See 
Figure 1.) 


This corollary suggests that in order for 
the quasi-horizontal coordination to be rela- 
tively advantageous, the initial ability of 
shops to identify emergent events must be 
higher than a certain level. Even if the rate 
of learning is very high relative to the time 
discount rate, learning alone cannot make 
the quasi-horizontal coordination a superior 
mechanism. 


C. Imperfect Horizontal Coordination 


Let us now take into account the imper- 
fect ability of shops to coordinate their pro- 
duction decisions. Suppose that transac- 
tional decisions concerning any products are 
coordinated between the relevant supplier 
shop(s) and the relevant user shop(s). Sup- 
pose that, with probability f evolving as 
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already specified, they are able to mutually 
identify emergent events affecting each 
others’ cost condition associated with the 
transaction of that particular product, as 
well as to share technological knowledge 
concerning mutual B,’s. When they do so, 
they agree upon the particular amount of the 
transaction of that product which minimizes 
the joint costs, assuming other inputs and 
outputs are fixed at the solution under no ex 
post information. If they cannot share infor- 
mation, they routinize the transaction at the 
level of the no ex post information solution. 
For example, suppose that product k is 
transacted between shop i and shop j. Fur- 
ther, suppose that it is only these two shops 
that either produce or use the product k. 
Then shop i and shop j, mutually recogniz- 
ing the true value of u,, and uj, with prob- 
ability f, choose x;, and x,, which would 
minimize the joint costs subject to the con- 
straint x,,+xj,=xf, assuming that other 
components of x; and x, are fixed at the 
level specified by x7 and x? and those of u, 
and u, are fixed at the level specified by u 
and u*. 

In general, the local joint cost minimizing, 
when ex post information is shared by rele- 
vant shops, requires that ` 


B; (x? — už) + B,|(x,- u;) 
—(xf-ut)]} =à (i=1,...,n) 


and 2x,=x* for some intrafirm shadow 
price A, where 


Bia 0 


0 hb 


i, ss 


From this, the imperfectly coordinated solu- 
tion x}? satisfies 


xi? =u,+ Br B[x*— u*]- Br Bl U—U*] 
B>B|[U-u*] 
(i=1,...,n), 


l is a diagonal matrix with the jth 


=x?+[B By 1B - 


where B; 
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element being 1/5, ,, if b, y is positive and 


zero otherwise. Then the total instantaneous 
expected cost under the imperfect horizontal 
coordination when the true event is per- 
ceived is 
ci? =C? +tr[(2BB71B,B Ê — B)varU| 
=C"-F {tr[(2; ~ BB; 1B,B-1B)var u,|}. 
One can define efficiency ratio of the imper- 


fect horizontal coordination relative to per- 
fect control by 


n(B) = (Cc"— 


> {tr[(B; — B)var u,|} 


CNA) 


Following the same reasoning as in the case 
of the quasi-horizontal coordination, we can 
derive 


PROPOSITION 2: The imperfect horizontal 
coordination based upon learning is superior to 
the bounded rational control if and only if 


e744 (1+ y) < 0B-°r (8, B)n(B). 


As all off-diagonal elements of B, (i= 
1,...,”) approach zero, 9(B) approaches 
one, Therefore, somewhat loosely we can 
claim 


COROLLARY 2: Given other parameters, 
the relative advantage of the imperfect hori- 
zontal coordination would increase vis-à-vis 
the bounded rational control, as the techno- 
logical matricies, B;,, become more strongly 
dominant-diagonal. 


Roughly speaking, the more strongly dom- 
inated the marginal cost of each output is by 
the output level of that product than any- 
thing else, the more the relative advantage of 
the imperfect horizontal coordination would 
increase vis-a-vis the bounded rational con- 
trol. This means that if the technology is 
characterized by near-constant returns to 
scale, the imperfect horizontal coordination 
would not perform well. On the other hand, 
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it would perform relatively well when there 
is a separate capacity constraint for each 
output. 


Tif. Concluding Remarks 


Section II above formalizes the intuitive 
notion that decision-making power in the 
Japanese industrial organization is, as far as 
operational decisions are concerned, rela- 
tively widespread. This “decentralized” ten- 
dency is to use the on-the-spot knowledge of 
subunits (workers, in-house shops, and rela- 
tively smaller subcontractors), Also, in order 
that the localized use of on-the-spot knowl- 
edge would not lead to inefficient strate- 
gic haggling between subunits, sharing of 
knowledge among neighboring subunits 
(among workers, among shops, and between 
prime contractors and subcontractors) is em- 
phasized. The accumulation of on-the-spot 
knowledge as well as sharing of knowledge 
can be, needless to say, fostered only over 
time. That is one of the primary reasons why 
the Japanese tend to emphasize long-term 
relations such as “lifetime” employment and 
stable relational contracts with subcontrac- 
tors. 

On the other hand, emphasis on spe- 
cialization in the United States seems to 
have two consequences: First, as jobs be- 
come more specialized and standardized, a 
separate market for each job tends to de- 
velop outside the firm, facilitating interfirm 
mobility of workers. Second, in order to 
integrate specialized and compartmentalized 
jobs within the firm, the integration itself has 


become a specialized function of manage- — 


ment. Thus American industrial organization 
is characterized relatively more by interfirm 
mobility of workers cum vertical control, 
whereas Japanese industrial organization is 
characterized relatively more by intrafirm 
mobility (rotation) cum horizontal coordina- 
tion. Needless to say, this difference is only a 
matter of relative degree and should not be 
taken as an absolute principle. I simply 


This contrast of interfirm mobility vs. intrafirm 
mobility between American industry and Japanese in- 
dustry is well described in Cole (1979). See also Masanori 
Hashimoto and John Raisian (1985). 
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suggest that there may be a close connection 
between labor market characteristics and in- 
formation systematic characteristics of the 
firm from a comparative perspective. 

How does the relative difference between 
the A firm and the J firm in their approach 
toward coordination of operational decisions 
interact with the mode and direction of more 
strategic decision making such as research 
and development? This is an interesting 
question, however, it is beyond the scope of 
this paper. I believe that the distinction of 
the two types of knowledge emphasized in 
their respective approaches may have some 
bearing upon this question. 

As Hayek (1945) emphasized in the con- 
text of the price mechanism vs. central plan- 
ning, economically useful: knowledge may 
not be limited to that which can be de- 
scribed in terms of formal language (for 
example, blueprints, books, patents), but may 
also include intangible skills, undefined tacit 
knowledge, etc., as generated and trans- 
mitted through experiences and on-the-spot 
contacts. The Japanese firm that relies more 
on collective learning by doing and informal 
knowledge sharing in its operations seems to 
place relative emphasis in research and de- 
velopment efforts on systematizing and de- 
veloping potentially useful knowledge of the 
second kind, collectively accumulated within 
the firm through production experiences. 
Even when new knowledge is acquired from 
outside the firm in the form of patents and 
the like, that new knowledge is often reinter- 
preted and developed in reference to the 
firms’ own productive experiences. For ex- 
ample, some of the firms most active in the 
development of biotechnology in Japan are 
traditional food-processing firms that strive 
for possible adaptation of their amino acid 
fermentation and/or brewing techniques to 
screening and breeding of new micro or- 
ganisms that have been genetically modified 
by the use of recombinant DNA. On the 
other hand, the American firm based on 
professional specialization and managerial 
vertical control in its operations seems to 
place relative emphasis on the scientific 
efforts of professionally trained researchers 
in R&D under the entreprenurial direction 
of top management. 
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Of course, when the Japanese firm sys- 
tematizes and develops its own production 
experiences, the infusion of researchers’ and 
engineers’ expertise is indispensable. But 
even for researchers and engineers, on-the- 
job training is regarded as equally important 
as formal training. Therefore, quitting by 
researchers and engineers in midcareer is 
discouraged by a system of seniority salaries 
and retirement benefits contingent on life- 
time employment. As a consequence, the 
rate of interfirm mobility is relatively low 
even for researchers and engineers. Some 
argue that the low rate of interfirm mobility 
of researchers deters rapid technological 
diffusion without possible government assis- 
tance,* but one may counterargue that the 
lower exit rate of researchers reduces the risk 
of premature leakage of research results out 
of the firm, thus inducing the firm to finance 
R&D more actively without fearing the free 
riding of quitters. 

Professional specialization in R&D in the 
United States makes professional communi- 
cations across the boundary of firms, as well 
as interfirm mobility of researchers, rela- 
tively more frequent. Also, one of the possi- 
ble implications of the vertical control ap- 
proach is the ease of adding new subunits to 
a system, or starting an entirely new system, 
by managerial initiatives. The relatively high 
mobility of researchers combined with the 
relative ease of structural reorganization 
makes it easier to commercialize new knowl- 
edge in the form of acquisition of small 
innovative firms by large established firms or 
spinoffs of venture businesses. In contrast, 
the internal diversification or spinoffs of 
semiautonomous subsidiaries by established 
firms is the more dominant form of com- 
mercializing new knowledge in Japan. 

Again I emphasize that the difference in 
these two approaches to the generation, de- 
velopment, and commercialization of new 
knowledge is simply a matter of relative 
degree, but I submit that it is not reasonable 
to neglect the subtle difference as irrelevant 
for comparative studies of industrial organi- 


Such an opinion is expressed and the following 
counterpoint is discussed by Gary Saxonhouse (1984). 
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zation between the two economies. Conven- 
tional wisdom may dictate, then, that the 
American approach is more conducive to 
scientific research which may lead to a true 
breakthrough in technology, whereas the 
Japanese approach is more consistent with 
applied research and product development. 
But whether this conventional wisdom is an 
empirically supportable proposition or not is 
yet to be seen. 
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Technological Opportunity and Spillovers of R&D: 
Evidence from Firms’ Patents, Profits, and Market Value 


By ADAM B. JAFFE* 


This paper quantifies the effects on the productivity of firms’ R&D of exogenous 
variations in the state of technology (technological opportunity) and of the R&D of 
other firms (spillovers of R&D). The R&D productivity is increased by the R&D of 
“technological neighbors,” though neighbors’ R&D lowers the profits and market 
value of low-R&D-intensity firms. Firms are shown to adjust the technological 
composition of their R&D in response to technological opportunity. 


The determinants of “the rate and direc- 
tion of inventive activity” (Richard Nelson, 
1962) have been the focus of extensive theo- 
retical and empirical work. This paper pre- 
sents quantitative estimates of the effects on 
the productivity of private research and de- 
velopment (R&D) of two factors from the 
“supply side” of innovation: “technological 
opportunity” and R&D “spillovers.” I define 
technology opportunity as exogenous varia- 
tions in the cost and difficulty of innovation 
in different technological areas. These varia- 
tions may be due to intrinsic characteristics 
of the technology, or they may be due to the 
state of exogenous scientific knowledge at a 
particular point in time. Therefore, the pat- 
tern of technological opportunity may change 
over time, though I assume that it generally 
changes slowly, requiring a number of years 
for significant changes to manifest them- 
selves. F. M. Scherer (1965,1982) has in- 
vestigated the importance of technological 
opportunity by estimating the importance of 
industry dummies in explaining innovation 
rates. This paper refines this approach by 
using more detailed data to characterize firms 
technologically, and by employing multiple 
indicators of innovative success. 


*Harvard University, Cambridge, MA 02139. This 
paper is based on my Ph.D. dissertation (1985). I am 
indebted to Zvi Griliches, Richard Caves, Mark 
Schankerman, two referees, and workshop participants 
at Harvard and the NBER for many helpful comments. 
Financial support was provided by the National Sci- 
ence Foundation under grant PRA81-08635 and by an 
Alfred P. Sloan Doctoral Dissertation Fellowship. 
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The other infiuence on the firm? R&D 
program that I examine is spillovers of R&D 
from other firms (Zvi Griliches, 1979). Since 
knowledge is inherently a public good, the 
existence of technologically related research 
efforts of other firms may allow a given firm 
to achieve results with less research effort 
than otherwise. Edwin Mansfield (1977) has 
found that, for certain chemical innovations, 
imitation is much cheaper than innovation, 
and private rates of return are only a frac- 
tion of social rates of return. This paper 
attempts to gauge the broad importance of 
the spillover phenomenon by looking at the 
average effect that other firms’ R&D has on 
the productivity of a firm’s own RaD. This 
indirect form of inference is made necessary 
by the extreme difficulty of observing the 
actual spillovers except anecdotally. My case 
for the importance of spillovers is, therefore, 
entirely circumstantial, but I believe that the 
consistent evidence from three distinct indi- 
cators of innovative success makes the case 
credible. 

From a purely technological point of view, 
R&D spillovers constitute an unambiguous 
positive externality. Unfortunately, we can 
only observe various economic manifesta- 
tions of the firm’s R&D success. For this 
reason, the positive technological externality 
is potentially confounded with a negative 
effect of others’ research due to competition. 
It is not possible, with available data, to 
distinguish these two effects; I do, however, 
find evidence that both are present. 

It should be emphasized that I do not 
model the strategic interaction of the firms 
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doing R&D in similar areas, with or without 
spillovers. I assume throughout that firms 
hold Cournot conjectures about the effects 
of their actions on the other firms, and I do 
not in any way impose equilibrium on the 
actions of the different firms. 

The spillover and technological opportun- 
ity phenomena have in common that their 
effect on a particular firm will depend on the 
technological nature of the firm’s research. 
My dissertation develops a methodology for 
characterizing the technological position of 
the firm’s research program and constructing 
variables related to spillovers and techno- 
logical opportunity. This methodology is sum- 
marized in Section I; Section II develops the 
estimating equations. Section III presents the 
main empirical results and Section IV pre- 
sents additional results examining the chang- 
es in the apparent pattern of technological 
opportunity between the two periods. 


I. Characterizing the Technological Position 
of Firms 


In order to look for the effects of techno- 
logical opportunity and spillovers, we should 
identify the technological areas in which the 
firms are engaged in research. One could 
imagine, if there are K such areas that relate 
to manufacturing products or processes, that 
the “technological position” of a firm’s re- 
search program could be characterized by a 
vector F=(F,...F,) where F, is the frac- 
tion of the firm’s research budget devoted to 
area k.! This, unfortunately, is not observ- 
able, but data do exist that are closely re- 
lated. The patents received by the firm are 
classified by the patent office into technol- 
ogy-based patent classes. 

This classification system provides the ba- 
sis for the search of “prior art” necessary 
before a new patent can issue. It is im- 
portant to note that this system is not an 
alternative product or industry classification. 


1One might ask whether it is the technological nature 
of the firm’s research program or that of its current 
production technology that really matters. To the extent 
that the two do differ, it would seem that what matters 
most for the effects of technological opportunity and 
spillovers is the nature of the research program. 
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It is technology based. There is surely some 
relationship between industries and patent 
classes, in the sense that firms in a given 
industry will, on average, patent more in 
some classes than in others. But the mapping 
from classes to industries is not unique in 
either direction. This is illustrated by an 
example given by Jacob Schmookler, who 
used these data extensively. He notes that in 
a patent subclass relating to “dispensing of 
solids” (1966, p. 20), he found patents for a 
toothpaste tube and a manure spreader. 

The fact that the patent classification sys- 
tem is technology based rather than product 
based is often viewed as a limitation on the 
economic usefulness of these data. It prob- 
ably is so if one is seeking a measure of 
innovation by industry, for use in, for exam- 
ple, a structure-performance study. For my 
purposes, however, it is a decided virtue. 

I utilize the distribution of the firms’ 
patents over patent classes to characterize 
the technological position of the firm. In the 
basic data, there are 328 patent classes 
(though the classification system actually 
contains thousands of subclasses). This in- 
formation is available for the patents granted 
between 1969 and 1979 to about 1700 
manufacturing firms in the RaD panel that 
has been assembled recently at the National 
Bureau of Economic Research (NBER). This 
data set is a marriage of Compustat and 
Patent Office data that are documented in 
Clint Cummins et al. (1984) and John Bound 
et al. (1984). The companies in the data set 
were granted about 260,000 patents over the 
period. The average firm has patents in about 
20 ‘different classes. The classes themselves 
vary greatly in importance, from “Chem- 
istry, carbon compounds” with 20,000 pat- 
ents taken by 340 different firms to “Bee 
culture” which has one patent.” To make the 
distribution vectors empirically usable, the 
328 classes were grouped into 49 categories. 
This grouping was essentially ad hoc, based 
on the names, with more aggregation of 


2There are 8 classes in which these firms took no 
patents, including “Land vehicles, animal draft” and 
“Whips and whip apparatus.” 
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classes with few patents and less aggregation 
of those with many. 

Firms’ technological positions are, in the 
long run, a matter of choice for the firms. If 
technological opportunity affects profitabil- 
ity, then we would expect firms to move to 
the more profitable positions. I expect, how- 
ever, that changes in the technological posi- 
tion of firms can be brought about only 
slowly. Expertise in various areas is not easily 
acquired, and goodwill and reputation in 
product markets represent sunk costs that 
make jumping costly. In this study, reflecting 
the view that technological position is en- 
dogenous, but only over relatively long time 
periods, I construct two technological posi- 
tion vectors for each firm: one is based on 
all patents applied for up to 1972, and one is 
based on all patents applied for after 1972.7 
In the estimation, I treat each of these distri- 
butions as exogenous for the purpose of 
regressions involving cross sections of firms 
at the end of each period. I then examine the 
changes in position between the two periods, 
to determine whether they can be explained 
as responses to the pattern of technological 
opportunity. 

Thus the basic data characterizing the 
firm’s technological position are two 49- 
element distribution vectors, one for the 
earlier period and one for the later. These 
vectors are used in two ways. First, they are 
utilized to construct a variable that will be 
used to infer the existence of spillovers. I 
assume that the existence of technological 


3 Classifying the patents by date of application rather 
than date of issue is preferable because that is when the 
firm perceived itself to have generated new knowledge, 
and because there are long and variable lags in the 
Patent Office’s Processing of Applications. Recall, how- 
ever, that the data set consists of all patents granted to 
these firms between 1969 and 1979. Because of the lags 
in granting, this includes essentially all of the successful 
applications filed between 1968 and 1976, but only 
some of those filed 1977-79, and also includes some 
from 1965-67 and a sprinkling from before. If we can 
view the patents we do have for the incomplete years as 
a random sample of all applications, then the incom- 
pleteness doesn’t matter for this purpose. If, however, 
some patent classes have systematically long or short 
processing lags, then the early period totals are biased 
towards long-lag categories and the later period towards 
short-lag categories. 
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spillovers implies that a firms R&D success 
is affected by the research activity of its 
neighbors in technology space. To make this 
notion operational requires significant ad- 
ditional structure. I assume that the total 
relevant activity of other firms can be sum- 
marized by a “potential spillover pool” that 
is simply a weighted sum of other firms’ 
R&D, with weights proportional to the prox- 
imity of the firms in technology space.* To 
measure the proximity of firms i and j, I use 
the angular separation or uncentered corre- 
lation of the vectors F, and F; 


(1) P, 


j= 


This proximity measure has the following 
properties: it is unity for firms whose posi- 
tion vectors are identical, it is zero for firms 
whose vectors are orthogonal, and it is 
bounded between 0 and 1 for all other pairs. 
It is closer to unity the greater the degree of 
overlap of the two firms’ research interests.’ 
The potential spillover pool S; is con- 
structed using the proximities defined in 
equation (1) as weights in a summation of all 
other firms’ R&D spending, denoted R j: 


(2) S= }, PyR; 


j+i 


*This is the basic approach suggested by Griliches 
(1979). Jeffrey Bernstein and M. Ishaq Nadiri (1983) 
measure spillovers using a cost function approach and 
time-series data for the chemical industry. Their pool 
variable is the unweighted sum of the R&D of all other 
firms in the industry. 

5 This measure of proximity is purely directional; i.e., 
it is not directly affected by the length of the F vectors. 
The length of the vector depends on the degree of focus 
or concentration of the firm’s research interests. (The 
length is actually the square root of the Herfindahl 
index of concentration of the category shares.) Other 
proximity measures, notably the Euclidean distance be- 
tween the vector endpoints, are very sensitive to the 
length. For example, all pairs of relatively diversified 
firms are “close” by the Euclidean measure, because 
they are close to the origin of the coordinate system, 
even if the vectors are orthogonal. If the vectors are all 
normalized to have the same length, then (1~ P,;) is 
proportional to the squared Euclidean distance between 
the endpoints of the vectors F; and F. 
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TABLE 1—STATISTICS FOR TECHNOLOGICAL CLUSTERS 


Number of Firms 
Cluster 1972 1978 
Adhesives & Coatings 30 24 
Chemistry, Carbon 45 39 
Chemistry, Electrochemistry 16 13 
Chemistry, Organic 21 22 
Cleaning and Abrading 16 14 
Compositions 20 20 
Cutting 24 15 
Elec Computers & Data Proc. 21 20 
Elec Transmission & Systems 34 . 26 
Electronic Communication 28 32 
Fluid Handling 27 24 
Food 34 29 
Measuring, Testing & Signaling 31 20 
Medical 13 25 
Metals and Metal Working 33 29 
Misc Consumer Goods 24 29 
Power Plants (Non-Electric) 51 29 
Receptacles & Packages 24 36 
Refridgeration & Heat Exch. 29 37 
Static Structures 27 38 
Vehicles 25 36 
All Firms 573 557 


Note: Sales and R&D are in millions of dollars. 


This approach assumes that the conditions 
of appropriability are the same across all 
technological areas. Suppose, as in the for- 
mulation of A. Michael Spence (1984), that 
imperfect appropriability means that a frac- 
tion 6 of each firws research “leaks out.” 
If 8 =0, then appropriability is perfect; if 
0 =1, R&D is a pure public good. For my 
formulation, it doesn’t matter what @ is,® 
but I have assumed that it is the same for all 
firms. To the extent that this is untrue, S, 
is poorly measured. 

The 49-element technological position vec- 
tors were also utilized with a clustering al- 
gorithm to assign the firms to “technological 
groups.”’ The idea is to identify those firms 


6The units of s; are arbitrary, because there is no 
natural normalization of the proximity weights. This 
does not matter because I am primarily interested in 
elasticities. Of course, if @ = 0, then this pool is a mere 
illusion and should have no direct effect on firm i. 

7The algorithm used was derived from the K-means 
algorithm (J. B. McQueen, 1967, and J. A. Hartigan, 


ore 
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1972 Data 
Sales R&D Patents 
Mean Median Mean Median Mean Median 
369 190 3.2 1.9 6.7 2 
1064 619 28.2 11.3 66.8 24 
708 189 44.8 12.6 89.3 33 
565 402 26.3 19.5 45.7 28 
506 312 79 3.0 19.2 13 
3326 1890 25.6 17.1 86.6 B 
131 90 2.2 1.6 6.2 3 
997 188 61.5 8.1 63.7 13 
640 104 18.9 1.5 57.2 6 
923 251 24.1 8.5 53.9 17 
613 213 12.2 3.4 40.0 7 
883 684 5.4 3.0 7.6 3 
380 150 7.3 2.6 14.2 9 
323 108 8.9 2.5 17.1 10 
964 530 12.4 4.1 21.5 12 
335 165 4.6 4.2 11.9 5 
1758 343 56.7 6.9 48.5 13 
352 150 3.6 1.0 . 11.8 4 
367 220 5.2 2.3 13.3 6 
199 104 1.1 7 2.7 2 
440 168 10,3 2.6 15.8 7 
801 236 19.0 3.4 34.0 8 


whose technological focus is sufficiently simi- 
lar that they face the same state of techno- 
logical opportunity. Initial clusters were 
formed by taking about 25 of the most popu- 
lous patent categories and assigning each 
firm to a cluster corresponding to the cate- 
gory in which that firm has the most patents. 
Firms were then iteratively reassigned to 
clusters to maximize the probability of ob- 
serving the firms’ category distributions on 
the assumption that firms in a given cluster 
are all drawing patents from the same un- 
derlying multinomial distributions. As in all 
clustering procedures, the number of clusters 
must be determined arbitrarily. It was found 
that the fit deteriorated rapidly at about 20 
clusters, so 21 were used. This clustering 
was carried out twice, yielding for each firm 
a technological cluster assignment for 1972 


1975), modified to exploit the multinomial ‘structure of 


the elements of the F-vectors. For more detail, see my 
dissertion. 
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and one for 1978. These assignments can be 
used to construct dummy variables for the 
technological groups. These dummy vari- 
ables will be used in the estimation below to 
allow for variations in technological oppor- 
tunity. 

Table 1 summarizes the technological 
clusters. The name of each cluster derives 
from the name of the patent class that formed 
the initial seed for the cluster. Almost one- 
third of the firms changed clusters between 
the two periods. Despite this, the clusters 
themselves were fairly stable; the proximity 
(as defined by equation (1)) between the 
center of each cluster in the early period, and 
its center in the later period averaged .96 
and was not below .90 for any cluster. In 
Section IV, I will show that the moves that 
did occur can be related to the pattern of 
profitability across the groups. 


Il. Modeling the Productivity of R&D 


The general approach taken here is to 
assume that there exists a stable relationship 
between the investment by the firm in RaD 
and the production of new economically use- 
ful knowledge. This relationship is condi- 
tioned by the spillovers that the firm receives 
and the state of technological opportunity. 
We do not observe new knowledge, but we 
do observe several of its consequences. On 
average, if R&D is a sensible activity for the 
firm, the new knowledge should lead eventu- 
ally to the generation of profits. This profit 
stream should be reflected in the firm’s 
market value. Along the way, the new 
knowledge may also generate patent applica- 
tions. In this section, I develop estimating 
equations that relate the firm’s patent appli- 
cations, profits, and market value to its 
R&D, other attributes, the spillover and 
technological opportunity variables, and 
industry variables. 

This process is dynamic, and much work 
has been done on the nature of the lags 
involved.’ The data are not rich enough to 
support a dynamic specification with spill- 


8See Ariel Pakes and Griliches (1984), Pakes (1985), 
and Bronwyn Hall et al. (1983). 
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over effects. The equations to be estimated 
should, therefore, be thought of as long-run 
or steady-state relationships. 


A. The Patent Equation 


I begin by assuming that the new knowl- 
edge produced by the firm in any period is 
related to its R&D in that period according 
to a modified Cobb-Douglas technology of 
the form:° 


21 ' 
(3) k; = Bir; + Barsi t ¥,8; + 2 8, Diet £y; 


c=l 


where k, is the new knowledge generated by 
firm i, r, is its R&D spending, and s; is the 
potential “spillover pool” whose construc- 
tion is described above. All variables are 
expressed in logs.!° The D,,’s are a set of 
dummy variables for the technological clus- 
ters discussed earlier; if technological op- 
portunity is important, the 6,,’s will differ 
across c. The term «, is a random dis- 
turbance, assumed to be distributed inde- 
pendently but not necessarily identically 
across i! It includes unobserved firm- 
specific attributes that may be correlated 
with z; this raises crucial estimation issues 
that will be discussed below. Equation (3) 
implies that the R&D of other firms may 
increase the knowledge output of the firm 
directly, and may also increase the elasticity 
with respect to own R&D. This means that 
each firm’s elasticity of knowledge produc- 
tion with respect to R&D is £, + s; To 
facilitate interpretation, I subtract the mean 
of the spillover variable before estimation, so 
the elasticity for a firm with the average 
spillover pool is just the coefficient B,. If £, 


°Actually, we expect knowledge production to de- 
pend on a distributed lag of RaD, but this lag structure 
is difficult to identify, and most of the weight appears to 
fall on the contemporaneous R&D, See Pakes-Griliches, 
and Hall et al. 

10Throughout this paper, lowercase letters represent 
the logs of variables; :’s indicate coefficients of endoge- 
nous variables and y’s those of exogenous variables. 

17 ¢ there is covariance across firms in the productiv- 
ity of R&D, then that is precisely what constitutes 
patterns of technological opportunity. Hence I assume 
that this will be picked up by the terms 5,,D,,. 
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and y, are both zero, then equation (3) is a 
standard “knowledge production function” 
(Griliches, 1979). 

Knowledge is not observed, but I assume 
that a fraction of it is patented according to 


(4) P= a| 3 a.D [lesn] K;. 


Thus, the ratio P,/K; (the propensity to 
patent) for any firm i depends on its techno- 
logical position and a random firm-specific 
component. I will again assume 7; is inde- 
pendent across firms. Note that I rule out by 
assumption a dependence of the propensity 
to patent on the potential spillover pool; 
allowing such a dependence would preclude 
identification of the spillover effect in the 
patent equation. Because of the necessity of 
this assumption, the patent equation alone 
would provide questionable evidence of a 
real spillover effect. In conjunction with the 
other results, however, it is a useful part of 
the story. 

Taking logs in equation (4) and substitut- 
ing into equation (3) yields an equation re- 
lating patents to R&D and the pool:’* 


(5) Pi = Barit Bars; + VS; 


21 
F 2 (8,,— ae) Dic + Er; 
c=1 


Because I allow for the dependence of the 
propensity to patent on technological posi- 
tion, the technological cluster dummies in 
the patent equation cannot be related solely 
to technological opportunity. As will be dis- 
cussed below, this hinders somewhat the 
ability to draw conclusions about techno- 
logical opportunity. 


12 There has been a long debate on the general ques- 
tion of the usefulness of patent data as an indicator of 
inventive output. For present purposes, suffice it to say 
that patents have repeatedly passed tests of their eco- 
nomic relevance. See Schmookler, Pakes and Griliches, 
Bound et al., Pakes, and Mark Hirschey (1982). 
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_B. The Profit Equation 


In modeling the profits of the firm, I want 
to allow for the existence of unobserved 
firm-specific entrepreneurial skill, as well as 
possible effects of market power. The model- 
ing approach is to treat market power and 
the unobserved firm attributes (as well as the 
R&D of other firms) as intangible assets that 
augment the productivity of the firm’s RaD 
and capital stocks. One way to do this is to 
postulate a modified restricted profit func- 
tion in log-log form:° 


(6) a = Bam; + Bar; + Bss;r,+ Bec; 


21 
+ 58; + yecni+ $, 8,,Di,+ èz; 


c=1 


where 7, is the gross operating income of 
firm i; m; is its market share; and r, is the 
stock of accumulated R&D investments, dis- 
tinct from the annual fiow used in the patent 
equation. The variable c; is the capital stock, 
cn’ is the four-firm concentration ratio in 
the firm’s industry, and the other variables 
are as before. Note that I could have started 
by writing equation (6) in terms of the unob- 
served knowledge stock, and then sub- 
stituted from the knowledge production 
function as I did for the patent equation. 
For patents, this was instructive because of 
the issue of the propensity to patent. In this 
case, however, no insight is gained so the 
intermediate step is excluded. 

If 8, = y,=0, then equation (6) would be 
the restricted profit function derived from 
the production function: 


(7) qi= bol; + bye; + bzr; + b3x;5; 
c=] 


+ bys; + Jo 8,,Dj. + 9; 
21 


by solving out labor through its optimal 
choice. This would be valid under the as- 
sumption that input and output markets are 


13 For a related approach, see Alan Siu (1984). 
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competitive, and that all firms face the same 
prices or else prices are independent of the 
exogenous variables and can be absorbed in 
€,. Adding market share and concentration 
as in (6) has the following interpretation: If 
output markets are not competitive, then the 
effect on the firm’s revenues can be sep- 
arated into a component that depends on the 
firm’s own market share, and a component 
that depends on the overall structure of com- 
petition in the industry. Further, these effects 
enter in a simple multiplicative way.* 


C. The Market Value Equation 


Much attention has been focused in recent 
years on the conceptual problems of using 
accounting profits to measure economic pro- 
fits (Franklin Fisher and John McGowan 
1983). Michael Salinger (1984) argues that 
the stock market provides a better indicator, 
because it has fewer accounting biases and 
captures long-run effects. If, however, we 
wish to infer rates of return on assets, we 
still must use accounting-based measures of 
those assets, so the use of market value data 
does not solve the Fisher-McGowan prob- 
lem. I view accounting profits and market 
value as multiple noisy indicators of eco- 
nomic returns.) 

My approach to relating market value to 
the firm’s measured assets is similar to that 
of Griliches (1981) and Salinger. The firm’s 


` market value is assumed to be a linear func- 


tion of a weighted sum of the firm’s conven- 
tional and R&D capital stocks: 


(8) V,=G,[C; + (By + Bgs;) Ri]. 


Equation (8) says that the relative value of a 
dollar of RaD and a dollar of capital de- 
pends on the spillover pool; for the firm with 


4 The concentration and market-share effects are not 
the focus of this paper, but they are included because 
they were found to be significant in my dissertation. 

15For a similar view, see Hirschey and Dean Wichern 
(1984). Other papers using stock market data to mea- 
sure profitability include Griliches (1981), Eric Linden- 
burg and Stephen Ross (1981), and Pakes. 
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the mean pool, the relative value is 8,, which 
may or may not be unity. The package of 
capital and R&D is valued at a price g. This 
price is itself assumed to depend on the 
firm’s market power, its unobserved attri- 
butes, and its technological cluster: 


(9) a= MPsr(ca7)* 


21 
xex Z BaD Jes) 


c=1 


Thus market power, spillovers, and techno- 
logical opportunity are assumed to augment 
value multiplicatively rather than addi- 
tively.!ć This implies that a given degree of 
market power can be spread over any amount 
of capital. Compare two firms that have 
identical shares of identically concentrated 
industries, but one is twice as big as the 
other, because its industry is twice as big. It 
seems plausible that the market value of the 
larger firm should be twice that of the 
smaller, as implied by (8) and (9). Salinger 
assumes that the value is the sum of the 
value of the capital and the value of the 
market power; this means that the larger 
firm’s value would be less than twice that of 
the smaller firm. 

If we now substitute (9) into (8), divide 
through by C;, take logs, and use the ap- 
proximation log(1 + x) = x, we obtain 


(10) v,-¢,=B,(R/C); 


+ Bgs;(R/C); + Bom; + ¥25; 


21 
F Ysc4r + 2 ze Die + Ezi. 


c=1 


The dependent variable in equation (10) is 
simply the log of Tobin’s q.” 


16 This differs from the treatment in Salinger. 

In principle, one could derive the market value 
directly from the profit equation. This would, however, 
require solving for the optimal investment streams for 
capital, R&D, and also market power. It is not clear 
that this is feasible. 
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‘TABLE 2—STATISTICS FOR REGRESSION VARIABLES 
Difference of Logs 
Levels Log of Levels (1979/1973) 
(864 Observations)* (864 Observations) (432 Observations) 
Standard Standard Standard 
Mean Median Deviation Mean Deviation Mean Deviation 
Patents 35.5 9.3 _ 120.4 2.30 3.29 —.304 .743 
Gross Profits 207.9 32.7 868 4.07 4.62 .243 .415 
Tobin’s q 1.02 .84 2 — 0323 882 —.142 512 
Annual R&D 25.7 3.41 108 1.80 2.98 177 562 
R&D Stock °? 121 12.5 98.2 3.51 3.09 239 611 
Capital Stock 968 153 3562 5.64 6.05 .290 332 
Annual Spillover ; 
Pool 2622 2438 2980 7.78 7.80 152 344 
Spillover Pool 
Stock 10042 9986 2004 9.45 7.75 .208 329 
Market Share 5.44 3.24 848 1.12 - ~ 
Four-Firm 
Concentration 38.3 37.1 43.2 3.57 3.62 — .049 152 





Note: All nominal variables are millions of 1972 dollars. Market share and concentration are percentages. 


*Except for market share, which has only 432. 


II. Regression Results 
A. Data and Estimation Issues 


The model is estimated on two cross sec- 
tions of 432 firms from the NBER R&D 
panel. The firms were chosen on the basis of 
availability of complete data; the selection is 
described in more detail in the Appendix. 
These 432 firms are about one-third of those 
that reported R&D publicly in 1976, but 
they account for 95 percent of the total 
reported R&D and they do about 80 percent 
of all privately financed R&D (see Research 
and Development in Industry, 1977, NSF, 
1979). The two cross sections are centered 
on 1973 and 1979. These years were chosen 
because they correspond to the approximate 
end of the periods whose patent data are the 
basis of the technological position classifica- 
tions. Each cross section is an average of 
three years’ data, to smooth out transient 
effects (particularly in profits and patents) 
and approximate long-run values. Stock 
variables (capital, R&D stock, market value) 
are measured as of the end of the middle 
year for each three-year period. All nominal 
variables are converted to 1972 dollars. 

The Appendix describes the data sources 
and the details of variable construction. Four 
points should be highlighted. First, I have 


market share data only for 1972, so I am 
forced to use this both for 1973 and as a 
proxy for the 1979 share. Second, the capital 
stock is a measure of the inflation-adjusted 
net capital stock of the firm (including an 
allowance for inventories and unconsoli- 
dated subsidiaries). This deals with the most 
superficial problems of using “book value,” 
but not the deeper criticism of Fisher and 
McGowan. Third, the patent equation de- 
pends on contemporaneous R&D spending, 
but profits and value are assumed to depend 
on the accumulated stock of R&D. The R&D 
stocks were constructed from the firm’s RaD 
history, assuming 15 percent annual depreci- 
ation, and initial stocks fabricated by ex- 
trapolating the average growth rate into the 
infinite past.!® Finally, all industry-specific 
variables (market share, concentration, and 
instrumental variables to be discussed be- 
low) are weighted averages for each firm. 
The weights are the 1972 4-digit SIC sales 
distributions for each firm. Simple statistics 
for the regression variables are presented in 
Table 2. 


18 Because most firms do not vary their deflated R&D 
spending very much over time, results are relatively 
insensitive to different stock constructions. 
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A long-recognized problem in this sort of 
estimation is the likelihood that firms differ 
in ways that we do not observe, such as their 
management skill. These unobservables are 
likely to enter positively in the error terms of 
equations that measure, in any sense, the 
firm’s productivity. They will also influence 
the investment decisions of optimizing firms. 
In most simple models, more productive 
firms would choose higher levels of in- 
vestment, introducing positive correlation 
between the error terms and some of the 
right-hand side variables in the productivity 
equations, thus biasing the coefficients up- 
ward. The classic solution to this problem (if 
a panel of firms is observed over time) is to 
assume that the unobservables are unchang- 
ing over time for a given firm. This limits 
their contamination to the cross-sectional di- 
mension of the data, implying that unbiased 
estimates of structural parameters can be 
derived from the covariance “within” firms 
over time. This leads to the so-called “fixed 
effects” estimates, which are presented be- 
low. 

This approach has several drawbacks. 
First, the- bulk of the variance in firm data is 
usually in the cross-sectional dimension. 
Thus, the fixed effects approach discards 
much of the information in the data, and 
often produces uninformative estimates as a 
result. Second, R&D may be measured with 
error, which leads to bias that is typically 
worsened by within estimation. Finally, the 
assumption that the unobservables are con- 
stant over time is pure convenience. If this is 
untrue, then the within estimates are also 
biased. 

An alternative is to view the problem as a 
standard one of endogenous right-hand side 
variables, and to develop equations for the 
endogenous variables as a function of other 
variables. This allows one to use the cross- 
sectional information, reduces bias due to 
measurement error, and drops the assump- 
tion that the unobservables are time-in- 
variant. The price that is paid for these 
advantages is that one must assume the 
validity of the instrumental variables. I will 
devote most of my attention below to esti- 
mates in which the firm’s R&D, capital stock, 
and market share are treated as endogenous; 
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TABLE 3— POOLED OLS ESTIMATES FOR 1973 AND 1979 


(864 Observations) 
Equation for log of: 
Coefficient Patents Profits Tobin’s q 
log( R&D) NS .201 
{.152) (.051) 
ReD/Capital 2.95 
(1.52) 
log( R&D) 
X log(Pool) 168 027 
(.031) (020) 
(R&D/Capital) .526 
Xlog(Pool) (.192) 
log(Pool) 628 — 078 —.077 
(.108) (.043) (.052) 
log(Capital) 564 
(.024) 
log(72 Share) 385 453 
in 1973 (.021) (.043) 
log(72 Share) 272 315 
in 1979 (021) (.033) 
log(Four-Firm 
Concentration ~ 159 ~ 438 
Ratio) (.040) (.052) 
F-Statistics 
for Technological 
Cluster Dummies 
(20 D. F): 
1973 4.2 5.8 5.6 
1979 3.9 5.7 5.5 
R? .94 44 77 
ô .806 3.46 .509 


Note: Each equation includes 21 technological cluster 
dummies for each year, 


it is assumed that in the reduced form of the 
system they depend on industry variables 
such as the industry’s size, growth rate, and 
R&D intensity. The key assumptions implicit 
in this approach are that the unobserved 
firm characteristics do not significantly affect 
these industry variables, and that the in- 
dustry variables are correctly excluded from 
the structural equations. 


B. The OLS and First-Difference Results 


To provide a reference point for more 
complicated estimates, I begin by ignoring 
potential biases and estimating the equations 
by OLS. These results are presented in Table 
3. Since this is just a starting point, I com- 
ment on the results only generally. First, the 


cas 
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TABLE 4— FIRST DIFFERENCE ESTIMATES 


FOR 1973 AND 1979 
(432 Observations) 
Equation for log of: 
Patents Profits Tobin’s g 
log(ReD) . 398 .098 
(225) (325) 
ReD/Capital 9.98 
(23.41) 
log( R&D) 
Xx log(Pool) .020 .0202 
. (.025) (.029) 
(Re D/Capital) 3.34 
x log(Pool) (3.03) 
log(Pool) 179° 0179 — 028 
- (.058) (0583) (.097) 
log(Capital) —.221 f 
(.060) 
log(Four-Firm 
Concentration — 023 —.259 
Ratio) (116) (.162) 
z .038 .101 .031 


R 
ê -728 ‘450 504 


interaction between own R&D and the spill- 
over pool is positive; the direct effect of the 
spillovers is positive in the patent equation 
but negative in the other two. Second, the 
technological cluster dummies are extremely 
significant in all equations. Finally, recall 
that the basic left-out-variables bias argu- 
ment is that the coefficients of R&D, capital, 
and market share in Table 3 are biased up- 
ward. This seems plausible for market share, 
which has large positive and significant 
effects, It is puzzling, however, that the RaD 
coefficient in the patent equation, and the 
sum of the R&D and capital coefficients in 
the profit equation, are significantly less than 
one, implying strong diminishing returns if 
these are biased upwards. : 

Table 4 presents estimates based on the 
differences between the cross sections; with 
only two observations per firm these are 
computationaly equivalent to “within” esti- 
mates. Everything is estimated with only 
limited precision. Implausibly diminishing 
returns appear in the patent equation. The 
market value equation coefficients are very 
large but essentially. unidentified. It appears 
that much of the within variance is noise. 
We can, perhaps, take an epsilon of re- 
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assurance from the fact that the results in 
Table 4 are at least not inconsistent with 
those in Table 3. 


C. Instrumental Variable Estimates 


The essence of the instrumental variables 
approach to the problem of unobserved at- 
tributes is to model explicitly the depen- 
dence of the firm’s choice of variables on the 
exogenous characteristics of its environment. 
My dissertation presents estimates of a sys- 
tem in which the market share depends on 


_ the firm’s R&D, industry R&D and industry 


sales, and its (optimal) RaD stock depends 
on its capital stock, the spillover pool, and 
industry R&D, sales, and growth rate. This 
implies that these industry variables are 
potential instruments for the firm’s RaD 
and market share. In addition, the industry 
minimum efficient scale (MES) is added as 
an instrument for the capital stock. The in- 
teraction between the firm’s own R&D and 
the spillover pool makes the equations non- 
linear in the variables. In this circumstance 
there is no optimal nonlinear function of the 
exogenous variables which should be used as 
instruments (Takeshi Amemiya, 1983). I 
utilize the industry variables, the spillover 
pool, and interactions between the pool and 
all the industry variables. 

The patent, profit, and market value equa- 
tions for the two different years comprise a 
six-equation system which can be estimated 
in a number of different ways. I assume that 
the 6-element residual vector e; is indepen- 
dent of all the instruments, that E (e£) =9 
for all i+ j, and that Var(e,;) is an arbitrary 
matrix L;. Thus I allow for unconstrained 
covariance across equations and time and 
conditional heteroskedasticity. This suggests 
the use of three-stage least squares (3SLS), 
with the procedure described by Halbert 
White (1982) to calculate standard errors 
that are robust under conditional hetero- 
skedasticity. Table 5 presents 3SLS esti- 
mates analogous to the OLS estimates in 
Table 3: That is, the slope coefficients (other 
than for market share) are constrained to be 
constant over time. Sensitivity of the results 
to other estimation approaches will be dis- 
cussed below. P 
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TABLE 5— 3SLS ESTIMATES OF PATENT, PROFITS, 
AND q EQUATIONS FOR 1973 AND 1979 
(432 Observations) 








Equation for log of: 


Patents Profits Tobin’s q 
log( R&D) 875 .180 
(183)  (.042) 
RaD/Capital 3.31 
(.209) 
log( R&D) 
Xlog(Pool) 352 058 
(048) (.020) 
(R&D /Capital) .803 
X log(Pool) (.098) 
log(Pool) 509  —.095 — 058 
(104)  (.053) (.031) 
log(Capital) 825 
(.044) 
log(72 Share) .188 310 
(73 Equation) (.055) (.053) 
log(72 Share) 057 123 
(79 Equation) (.055) (.054) 
log(Four-Firm 
Concentration — 220 — 525 
Ratio) (.045) (.083) 
x3) on Technological 
Cluster Effects 
(1973) 81.3 88.4 98.6 
(1979) 94.4 76.5 90.2 
é 
(1973) .842 3.62 652 
(1979) .912 3.51 420 


Note; All equations include 21 technological cluster 
dummies for each year. The instrument set consists of 
the cluster dummies, the spillover pool flow and the 
spillover pool stock for both years; 1974 industry R&D, 
1972 and 1977 industry shipments and concentration, 
1972 minimum efficient scale, industry growth rates 
1967-72 and 1972-77; and interactions of the pool 
variables with the contemporaneous industry variables. 
All instruments are used in all equations. The numbers 
in parentheses are heteroskedasticity-consistent stan- 
dard errors calculated according to White (1982). 


The results presented in Table 5 are the 
key results of the paper. Looking first at the 
patent equation, the estimates imply close to 
constant returns with respect to the firms’ 
own R&D. A firm’s R&D elasticity is .875 
(its .coefficient) plus .352 (the R&D-pool 
interaction coefficient) times the firm’s 
log(pool), which is constructed to have zero 
mean. Thus the elasticity is .875 for the 
average firm and is higher (lower) for firms 
with above (below) average pools. The pool 
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has a significant positive effect, both directly 
and through its influence on the R&D elas- 
ticity. A firm’s pool elasticity is .509 plus 
.352 times its log( R&D). For the firm with 
mean log(R&D), the elasticity of patents 
with respect to others’ R&D is about 1.1. If 
everyone increased their R&D by 10 percent, 
total patents would increase by 20 percent, 
with more than one-half the increase coming 
from the spillover effect. 

At first glance, this may seem like an 
implausibly large spillover effect. It is, how- 
ever, consistent with a reasonable picture of 
R&D as a partial public good. In terms of 
marginal products evaluated at the mean of 
the data, the coefficients imply a return 
of 2.0 patents per million dollars of own 
R&D, and .06 patents per million dollars of 
other firms’ relevant R&D. Because the total 
relevant R&D is large relative to any firm’s 
own spending, spillovers are important even 
though the implied value for Spence’s @ is 
only .03.!9 

The results from the profit and q equa- 
tions are best considered together. Note first 
that the profit equation estimates imply con- 
stant returns in R&D and capital for firms 
with the average spillover pool. The RaD 
share is about 20 percent of the capital share. 
The elasticity coefficient (for R&D, for ex- 
ample) is equal to (d7/0R)(R/). Thus we 
can estimate the gross rate of return to RaD 
(d7/0R) by multiplying the estimated elas- 
ticity by R/s. This yields a gross rate of 
return for R&D of 27 percent; a similar 
calculation for capital yields 15 percent. 
These estimates are consistent with the con- 
ventional wisdom that the economic depreci- 
ation rate for knowledge is higher than that 
for physical capital (Ariel Pakes and Mark 
Schankerman, 1984). 

The q equation imposes constant returns 
by assumption; I estimate only the relative 
implicit price of the R&D and capital stocks. 


19This number should be taken with a large grain of 
salt. As noted above, the units of the pool variable are 
essentially arbitrary. The “true” relevant RaD for each 
firm could be 10 times smaller; this would not affect the 
elasticity estimates, but would lead us to conclude that 
Spence’s @ is .3. 
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For firms with the average pool, the market 
apparently places more than three times as 
much value on a dollar of R&D stock as on 
a dollar of capital stock. Given the average 
returns implied by the profit equation, this is 
quite puzzling. It is possible that R&D 
spending conveys some sort of signal about 
long-run returns over and above its direct 
contribution to measured profits. It is also 
possible that this is an econometric artifact 
of limiting the sample to firms that report 
R&D. 

Turning to the spillover effects, a different 
pattern is found than in the patent equation. 
The direct effect of the pool is to lower 
profits and market value. There is, however, 
an interaction between own and others R&D 
that implies that the return to own R&D is 
increased by the spillovers. For the firm with 
mean log( R&D), the net elasticity of profits 
with respect to the pool is about plus .1. If 
everyone increased their RaD by 10 percent, 
the aggregate profits would increase by about 
3 percent, with about one-third of the net 
increase coming from the spillovers. For firms 
whose log( R&D) is about .5 standard devia- 
tions below the mean, the net effect of the 
pool is zero; for those with less R&D it has a 
negative effect. The pool effect in the q equa- 
tion is quite similar, though much more 
significant statistically. Evaluated at the 
average log( R&D) and log(capital), the net 
elasticity of value with respect to the pool is 
about .05. For firms whose R&D-capital ratio 
is less than about one-half the average the 
net effect on value of the pool is negative. 

The “competitive” (i.e., negative) effect of 
the pool is not significantly different from 
zero in either equation at conventional sig- 
nificance levels. The data do, however, reject 
at the 1 percent level the hypothesis that the 
log(pool) coefficient is zero in both equa- 
tions. It appears that both technological 
spillovers and competitive effects of others’ 
R&D come into play when we consider the 
economic returns to the firm’s research. 
Comparing firms whose neighbors do a lot 
of R&D to those whose neighbors do little, 
the former are characterized by lower profits 
and market value if they do little RaD 
themselves, but a higher return to doing 
R&D. For firms with the average R&D 
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budget, the net effect of others’ RaD is 
positive. 

A brief comment is in order on the effect 
of market share and concentration on profits 
and market value. Table 5 shows that higher 
market shares are associated with higher 
profits and market value, but increasing the 
four-firm concentration lowers the profits 
and market value of the average firm. Re- 
sults not reported here show that each of 
these effects remains if the other variable is 
dropped, and interactions do not appear to 
be important. These results are consistent 
with other studies finding negative effects of 
concentration on profits at the firm or line- 
of-business level (Harold Demsetz, 1974; 
David Ravenscraft, 1983). They imply that 
the larger firms in a given industry have 
systematic advantages over their smaller 
rivals. It is not possible, with these aggregate 
firm data, to determine the extent to which 
the advantages are on the cost side, and the 
extent to which large market shares confer 
or reflect market power. 

Finally, it is instructive to compare the 
3SLS results to the OLS results in Table 3. 
As already noted, the omitted variable story 
suggests that the coefficients on R&D, 
capital, and market share should be smaller 
in the 3SLS results than in the OLS, since 
the former are consistent and the latter are 
biased upwards. This is clearly the case for 
market share. For R&D, however, the 3SLS 
coefficients are consistently larger. This indi- 
cates that measurement error in R&D is a 
more serious problem than the correlation of 
R&D with left-out attributes.” 

For completeness, the Appendix Table 
presents separate estimates for each year; 
the story they tell is essentially the same. 
I also estimated the equations separately 
(2SLS). A Hausman-type test comparing 
the 2SLS results (not reported) to the un- 


20Another aspect of these data support this argu- 
ment. When I also estimate an R&D demand equation 
(not reported), I find that the residuals from that equa- 
tion are negatively correlated with those from the con- 
temporaneous patent, profit, and value equations. That 
is what we would expect from measurement error, but 
the omitted attributes story implies positive correla- 
tions. 
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constrained 3SLS results constitutes a spe- 
cification test, since 2SLS and 3SLS are 
both consistent and hence should not differ 
much if the model is correctly specified. The 
chi-squared statistic for this test is 6.41 (12 
degrees of freedom), which does not come 
close to rejecting the null hypothesis of cor- 
rect specification.” 

Classical chi-squared tests comparing the 
constrainted and unconstrained 3SLS also 
fail to reject the null, which in this case is 
equality of the coefficients over time. The 
test statistics are .63 (3 degrees of freedom) 
for the patent equation, 3.8 (5 d.f.) for the 
profit equation and 3.2 (4 d.f.) for the q 
equation.”? I also considered constraining 
the technological cluster dummy coefficients 
across time; these constraints were rejected 
for the profit and q equations;”? none are 
imposed in the results of Table 5. 


IV, Analysis of Technological Opportunity Effects 


The coefficients of the technological clus- 
ter dummies in the profit, g, and patent 
equations measure, in some sense, the aver- 
age excess returns (positive or negative) ex- 
perienced by the firms in the group. In the 
patent equation, it is the average excess re- 
turn to R&D, in terms of patents. In the 
profit and q equations, it is the average 
excess profits or market value remaining after 
controlling for the average rate of return on 
all of the firms’ observed assets. These in- 
clude R&D, capital, the spillover pool, 
market share, and industry concentration. 
The motivation for including these dummies 
in all the equations has been to allow for 
variations in technological opportunity, de- 
fined above as exogenous, technologically 
determined variations in the productivity of 
R&D. The chi-square statistics reported in 
Table 3 show clearly that the cluster dum- 


?1 The expected value of a chi-square with 12 degrees 
of freedom is 11.3. Note that the Hausman test often 
has very low power in this type of application, where 
both sets of estimators are inconsistent under the alter- 
native hypothesis. 

22 Expected values are 2.4, 4.4, and 3.4, respectively. 

3Chi-squares of 16.2, 75.4, and 83.1 for patents, 
profits, and value, respectively, compared to a 99.5 
percent critical value of 40. 
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mies are important in all equations. It is 
difficult to know, however, whether techno- 
logical opportunity is really the driving force 
behind the cluster effects. One way to in- 
vestigate this question is to analyze and 
compare the patterns of coefficients across 
equations. 

I have calculated the pair-wise correla- 
tions across the profit, g, and patent equa- 
tions for the 21 dummy coefficients. The 
correlation across time is .62 for the patent 
equation, .26 for the profit equation, and .05 
for the q equation. Within cross sections, the 
profit-q correlation is high (.84 for 1973; .80 
for 1979), while the patent equation inter- 
cepts are relatively uncorrelated with those 
from the profit and q equations (.15 and .23 
for 1973; .14 and .01 for 1979). It appears 
that the profit and q dummy coefficients 
share a common influence that is relatively 
fleeting; the patent coefficients are driven by 
something else that is relatively stable over 
time. 

There are two possible interpretations of 
these results, one sympathetic to the techno- 
logical opportunity story and one not. The 
sympathetic interpretation is that profits, q, 
and patents all respond to technological op- 
portunity, but that, in the case of patents, 
this response is drowned out by the pattern 
of the propensity to patent, which is stable 
over time. The other view is that the absence 
of any correlation between the effects on 
patents and profit measures suggests that the 
cluster effects in the profit and q equations 
come from somewhere else. Implicit in the 
model as formulated is an assumption that 
all relevant influences from the market or 
demand side are captured by the industry 
variables that are in the model. To the extent 
that this is not true, then the cluster dum- 
mies could be capturing industry effects, 
since there is some correspondence between 
the clusters and industry groups. 

Some additional insight can be gained by 
comparing these results to analogous ones 
where I substitute dummies based on in- 
dustry groups for those based on technologi- 
cal clusters. Relevant data on the industry 
distribution of firms’ sales are available only 
for 1972, so I can look only at the contem- 
poraneous correlations. I find that the profit- 
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q correlation is .88, while the patent inter- 
cepts are correlated .09 with those from the 
profit equation and .07 with those with the q 
equation. Thus, when looking at industries, 
-excess patents are even less correlated with 
excess profits and g, which are still highly 
correlated with each other. It seems that the 
data cannot really distinguish between in- 
dustry effects and technological effects, 
though there is a small piece of the variation 
in profits that is associated with technology 
and not industries. 

Regardless of whether excess profits or 
value are associated with industries or tech- 
nological positions, it is interesting that they 
do not appear to be persistent over time; the 
correlations between the profit and q inter- 
cepts in each cross section are much larger 
than the correlation across time for either. 
This is consistent with the absence of signifi- 
cant mobility barriers, allowing firms to move 
gradually toward high profit clusters. Such 
movements would tend to compete away the 
excess returns. We would expect that, over 
time, the economic return to R&D in a “hot” 
area would fall, even if the potential of the 
area in a strictly technological sense re- 
mained high. 

The lack of correlation across time could 
also result from the dependence of profits on 
exogenous factors which are not constant. 
There is, however, some evidence in the data 
that movement of firms played a role. As 
discussed above, I take the view that firms 
cannot change their position in technology 
space overnight, but that over some horizon 
they do move in response to perceived profit 
possibilities. An obvious test of this view is 
to ask if the movements in the firms’ patent 
distributions between the 1965-72 period and 
the 1973-79 period bear any relation to the 
pattern of excess returns. 

I calculated the proportional growth rate 
((Ny9-N73)/N73) of the number of firms 
in each technological cluster, and compared 
these to the cluster dummy coefficient in the 
1973 q equation. There is a clear positive 
relationship. The correlation coefficient for 
the 21 observations is .53, which is signifi- 
cantly positive at the 1 percent level. The 
correlation of the growth rate with the 
dummy coefficients from the 1973 profit 
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equation is .35. It appears that entry and exit 
were driven by the contemporaneous profit 
opportunities. — 

One would expect that this entry and exit 
would have an effect on the future realized 
profitability of the clusters. Again, the re- 
sults seem to be consistent with this predic- 
tion. If we compare the change in the q 
equation dummy coefficients between the two 
cross sections with the growth rate of each 
cluster, the correlation coefficient-is —.79, 
which is again highly significant. Even the 
1979 intercepts themselves are negatively 
correlated with the growth rate, though 
somewhat less so (—.56). Thus there is a 
clear association between entry (exit) into a 
cluster and a decrease (increase) in the aver- 
age returns. 

In interpreting these results, it is im- 
portant to keep in mind that we are looking 
at snapshots, while the true process takes 
place in continuous time. It might appear as 
if the firms do not have rational expecta- 
tions, because they choose to move toward 
what will be, on average, low-profit clusters. 
Such moves may well be rational, however, 
because the firms may make sufficient profits 
during the transition to make the move 
worthwhile—and they may well be in the 
process of moving on again to greener pas- 
tures. 

One interesting question raised by these 
results is whether the “movers” are funda- 
mentally different as a group from the firms 
that stay put. The above results regarding 
the effects of entry could be explained 
without reference to competitive forces if the 
firms that move are, on average, low-profit 
firms. To see if this is so, I examined the 
mean residuals for the two groups from the 
profit and q equations. The two equations 
for the two cross sections yield four com- 
parisons of movers and nonmovers. In every 
case, the movers are actually higher-profit 
firms (though in three out of the four com- 
parisons one cannot reject the hypothesis 
that the groups have the same mean). Thus, 
instead of weakening the entry story, this 
effect strengthens it. Entry is associated with 
a fall in the average returns for the group 
despite the fact that entrants are above aver- 
age profit firms. 
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VI. Conclusion 


I have presented an analysis of the effect 

on the productivity of RaD of certain fac- 
tors from the supply side of innovation. In 
particular I find circumstantial evidence of 
spillovers of R&D from several indicators of 
technological success. Firms whose research 
is in areas where there is much research by 
other firms have, on average, more patents 
per dollar of RaD, and a higher return to 
R&D in terms of accounting profits or market 
value, though firms with very low own R&D 
suffer lower profits and market value if their 
neighbors are R&D intensive. All of these 
effects remain after controlling for the possi- 
bility that the technological areas themselves 
are associated with variations in the produc- 
tivity of RaD. 
_ Because the evidence is circumstantial, 
- each piece taken alone is subject to interpre- 
tations not involving spillovers. For exam- 
ple, I had to assume that the spillover pool 
does not affect the propensity to patent. The 
result that I get (firms whose neighbors do a 
lot of R&D tend to get more patents after 
controlling for their own R&D) could, how- 
ever, be due to firms’ strategic decisions to 
patent more of their results if they perceive 
more technological competitors. When, how- 
ever, one views the results from the three 
equations together, the combination of tech- 
nological spillovers and competitive effects is 
a compelling interpretation. 

I view these results as substantiating the 
spillover phenomenon. Understanding the 
implications for industrial structure and 
public policy will require more detailed work 
that focuses on the variations in the extent 
of spillovers in different areas, as well as 
examining the spillovers in a context where 
their implications for firms’ strategic behav- 
ior are recognized. 

The results regarding technological op- 
portunity are less satisfactory. The patent 
class distribution data contain useful infor- 
mation about the composition of firms’ re- 
search activities. Further, I find clear evi- 
dence that firms adjust their technological 
positions in response to profit possibilities, 
and that these adjustments tend to dissipate 
excess returns. It is not yet clear, however, to 
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what extent the exogenous variations in profit 


. potentials can really be attributed to techno- 


logical opportunity rather than demand-side 
effects. Further examination of the “move- 
ments” of firms in technology space, com- 
bined with similar analysis of changes in 
firms’ market positions, should provide more 
complete understanding of the interrelations 
among technological opportunity, changes in 
the structure of demand, profitability, and 
firms’ actions in positioning their research 
and their sales. 


APPENDIX 
DATA SOURCES AND MANIPULATIONS 


The data used herein come from four sources. First, 
the data regarding patent counts and their distribution 
by patent class come from the U.S. Patent Office, Office 
of Technology Assessment and Forecasting (OTAF). 
Second, firms’ market share, their industry sales distri- 
bution, and the industry variables except R&D are from 
the Harvard Business School Program in Industry and 
Competitive Analysis (PICA) data base (Marilyn Shesko, 
1981). These data were collected by PICA from two 
sources: the industry data are from the Census of 
Manufactures; the market share and sales distribution 
data are from a proprietary service and are derived 
from Bureau of the Census establishment data. The 
third data source was the FTC line of business report 
(U.S. Federal Trade Commission, 1979) for industry 
R&D numbers. All other data are from Standard & 
Poor’s Compustat Tapes. 

There are about 3000 nonduplicate manufacturing 
firms on the Compustat tapes—2600 of these (those 
that existed in 1976) were matched to the Patent Office 
data. Approximately 1700 firms had 1 or more patents. 
Of these, about 1200 reported positive R&D expendi- 
ture in 1976 (compared to 1500 of the 2600). Of the 
1200, about 750 are available on the PICA data base. It 
should be noted that the firms lost going from the 2600 
to the 750 are predominantly small firms. 

These 750 firms are the universe from which a study 
requiring R&D, patent, and market-share data can be 
drawn, In order to characterize the firms’ technological 
position using patent class distributions, a minimum of 
10 patents was arbitrarily chosen. In each of the two 
periods (1965-72 and 1973-79), about 600 of the 750 
meet this minimum—-557 firms meet it in both periods; 
these are the firms that were used in the clustering 
analysis described in Table 1. For the regression analy- 
sis, complete financial data were needed for 1972-74 
and 1978-80. This reduced the sample to 432 firms. 
Most of the regressions analysis described herein was 
also carried out for the 539 firms with complete data for 
the 1973 cross section only; the results are substantially 
similar (see my dissertation). 

All flow variables are averages of three years data for 
each cross section. Stock variables are evaluated at the 
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end of the middle year. The profit measure is operating 
income before depreciation plus reported R&D ex- 
pense. The capital stock is the sum of plant and 
equipment, inventories, and investments in unconsoli- 
dated subsidiaries, each adjusted for inflation. Plant is 
adjusted for inflation by estimating the average age of 
the plant on the basis of the ratio of accumulated to 
current depreciation. Book value of plant is then multi- 
plied by the ratio of the current GNP investment defia- 
tor to the deflator n years ago, where n is the estimated 
average age. Market value is the year-end value of 
common stock plus estimates of the value of preferred 
stock and bonds calculated by dividing dividend and 
interest payments by average market rates of return on 
these instruments. For more detail on both these vari- 
ables, see Cummins et al. 

The profit and value equation derivations refer to the 
stock of accumulated RaD. This is not something re- 
ported by the firm. Stocks must be constructed from 
reported R&D flows, making assumptions about the 
rate of obsolescence and R&D investments before the 
firms began reporting the annual R&D spending. 
Griliches and Jacques Mairesse (1984) experimented 
with several formulations; they found that results were 
relatively insensitive to the rate of obsolescence. They 
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chose 15 percent per year, and that was utilized here as 
well. The stock at the end of the year before the first 
reported annual R&D is estimated by assuming con- 
stant exponential growth of annual RaD. Thus the 
initial stock is taken to be the reciprocal of the sum of 
the firm’s R&D growth rate and 15 percent. 

Four spillover pool variables were constructed, be- 
cause the patent equation depends on the annual RaD 
flow while the other equations relate to the stocks. A 
pool of stocks and a pool of flows were constructed for 
each cross section using the weighted summation proce- 
dure described in Section J. Those for 1973 ‘use as 
weights proximities based on the first-period distribu- 
tion vectors, while those for 1979 use proximities based 
on the second-period distributions. For estimation, I 
took the log of these variables and subtracted off the 
mean, so that the R&D coefficients are R&D elasticities 
for the average-pool firm. 

Finally, firm values for industry variables (R&D, 
shipments, concentration, growth rate, and minimum 
efficient scale) and market share were calculated as 
weighted averages of 4-digit SIC data, except for RaD 
which is only available for 193 industries. The weights 
are the industry fraction of the companies’ 1972 sales,. 
taken from the PICA data base. 


APPENDIX TABLE— UNCONSTRAINED COEFFICIENT ESTIMATES 


(432 Observations) 
log(Patents) log(Profits) log(Tobin’s q) 
1973 1979 1973 1979 1973 1979 
log( R&D) 881 871 .109 .214 
(.201) (.195) (.98) (.062) 
ReD/Capital 3.84 3.12 
(.243) (.155) 
log( R&D) Xlog(Pool) 321 360 024 g .081 
(.110) (.061) (.035) (.044) 
(R«D/Capital) 747 .818 
x log(Pool) (.116) (.092) 
log(Pool) 442 521 — 072 —.091 —.011 — 064 
(101) (121) (.097) (.044) (.092) (.022) 
log(Capital) 870 899 
(.062) (.068) 
log(72 Share) 187 057 .305 124 
(.052) (.050) (.061) (.046) 
log(Four-Firm — .240 — .206 — 549 — 520 
Concentration Ratio) (.039) (.030) (.091) (.118) 
6 832 894 3.54 3.28 .609 407 


Note: For estimation details, see note to Table 5. 
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Explaining the Volume of Trade: An Eclectic Approach 


By JAMES R. MARKUSEN* 


Divide the world into a capital-abundant North and a labor-abundant South. 
Subdivide the North into two identical regions, East and West. Modern trade 
theory predicts intra-industry trade in differentiated manufactured goods between 
East and West, and traditional interindustry trade based on factor endowments 
between North and South. The model I develop explains both the volume and the 
direction of trade by combining nonhomothetic preferences with scale economies 


and differences in endowments. 


Recent advances in international trade 
theory have increased our understanding of 
the causes and direction of international 
trade. While the factor-endowment model 
continues to play a prominent role in our 
theory, it is now widely accepted that dif- 
ferences in relative factor endowments are 
not the only cause of trade, particularly trade 
in manufactured products and presumably 
services. 

An early approach to trade in manufac- 
tured goods was that of Staffan Linder 
(1961), who emphasized the role of demand. 
Linder noted that consumers with similar 
per capita incomes consume similar bundles 
of goods. Linder also viewed firms in the 
manufacturing sector as creating new prod- 
ucts in response to perceived domestic de- 
mand. In addition to serving domestic 
customers, firms would eventually export to 
countries with similar per capita incomes 
since those countries would exhibit similar 
demands. Individual firms thus create prod- 
ucts based on demand, and there will exist 
two-way trade in manufactured goods be- 
tween two similar countries as each firm sells 
its good in both markets. The fact that both 
countries might have identical capital-labor 
ratios now actually encourages trade in the 
category of manufactures. 

It was not until much later that the idea of 
two-way trade in similar manufactured goods 
between similar countries was formulated in 
consistent general-equilibrium models (Paul 


*Department of Economics, University of Western 
Ontario, London, Canada N6A 5C2. 
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Krugman, 1979; Elhanan Helpman, 1981; 
Kelvin Lancaster, 1980; and Wilfred Ethier, 
1982). These authors added scale economies, 
imperfect competition, and product differ- 
entiation in order to generate the type of 
trade suggested by Linder. 

What we now have is a two-part theory of 
international trade. Divide the world into 
two regions, North and South, with equal 
total incomes but with the North being rela- 
tively capital abundant and the South rela- 
tively labor abundant. Now subdivide the 
North into two identical regions called East 
and West. (“East” should be thought of 
throughout the paper as a subset of the 
Western industrialized nations, not the com- 
munist block.) My theory predicts that 
N-S trade will be primarily the traditional 
Heckscher-Ohlin trade based on differences 
in factor endowments. It has become popu- 
lar to refer to this as interindustry trade. 
E-W trade will be primarily trade in differ- 
entiated manufactured goods and services, 
referred to as intra-industry trade. 

Although this theory combining factor en- 
dowments with scale economies gives us a 
good theory of the direction of trade, it has 
little to say about the volume of E-W vs. 
N-S trade. This point has indeed been made 
by Helpman (1981). One reason that the 
volume of trade is of interest is simply that 
E-W trade (i.e., trade among the industrial- 
ized countries) is very large relative to the 
volume of N-S trade.’ Higher N-S trade 


lFor an up-to-date survey and critical examination 
of the literature, see Alan Deardorff (1984). 
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barriers and a low total GNP in the South 
are part but probably not all of the story.” 
Linder’s original empirical analysis did in- 
deed correct for total GNP, but not for trade 
barriers. A second weakness of the theory is 
that it gives no role to demand in general 
and per capita income in particular in de- 
termining trade flows. Yet Linder’s theory 
hypothesizes, and more recent empirical 
analyses show, that expenditure shares on 
commodities do depend on per capita in- 
comes. 

The purpose of this paper is to construct a 
simple model which provides a role for per 
capita income and is consequently able to 
analyze the total volume as well as the direc- 
tion of E-N trade relative to N-S trade. The 
model is testable, and preliminary empirical 
results are very encouraging (discussed be- 
low). The key element is to combine mo- 
nopolistic competition and differing relative 
factor endowments with a third determinant 
of trade, nonhomothetic demand. Interest- 
ingly, the model will put back into the the- 
ory one suggestion by Linder that was 
omitted by Krugman, Helpman, Lancaster, 
and Ethier. This is Linder’s important. ob- 
servation that people with similar per capita 
incomes consume similar bundles of goods. I 
model this as an assertion that income elas- 
ticities of demand are quite different for 
different goods and therefore that utility 
functions are not homothetic. Other ele- 
ments of Linder’s theory such as the creation 
of new products and the role of sufficient 
domestic demand are not captured in the 
model. I am not claiming to model Linder’s 
theory, only crediting him for suggesting an 
important role for per capita income. 

The model developed below involves intra- 
industry trade of capital-intensive man- 


2 Helpman’s model (1984) does predict a large volume 
of E-W trade relative to N-S if (i) East and West have 
large GNPs relative to the South and (ii) differentiated 
manufactured goods constitute a large share of world 
GNP. Helpman seems to infer that (ii) is true given the 
observed trade volumes and the relative wealth of North 
vs. South. But this is hardly a test of any theory, as he 
points out. It is not at all clear to me how one would 
test this hypothesis since it requires that all goods be 
assigned to either the increasing-returns/ differentiated 
or constant-returns categories. 
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ufactured goods for one another and inter- 
industry trade of a homogeneous labor- 
intensive commodity for manufactures. If we 
assume that the income elasticity of demand 
for manufactures exceeds one, while that for 
the homogeneous commodity is less than 
one, several interesting results follow di- 
rectly. The labor abundant South is rela- 
tively specialized in producing the labor- 
intensive commodity, but also relatively 
“specialized” in consuming that commodity 
due to its lower per capita income. As the 
degree of nonhomogeneity increases, it is 
shown that the volume of E-W trade rises 
and the volume of N-S trade falls. This 
allows us to produce a Linder-type trading 
pattern based on a Linder-type demand as- 
sumption. But it clearly depends on the (em- 
pirically unestablished) connection between 
capital intensity in production and high in- 
come elasticity of demand in consumption. 
Independent of this assumption, the model 
does permit a clear and simple analysis of 
the role of demand in determining trade 
flows. 

A few comments on the empirical rele- 
vance of the model are in order before pro- 
ceeding. First, nonhomotheticity is certainly 
strongly supported by extensive empirical 
evidence on demand (a good summary is 
found in Angus Deaton and John Muell-- 
bauer, 1980). Formal work by Linda Hunter 
and myself (1985) has been done on the 
demand side of the model, estimating a lin- 
ear expenditure system of the type developed 
below for a 34-country, 11-commodity 1975 
data set using the real income data of Irving 
Kravis, Alan Heston, and Robert Summers 
(1982). The estimated deviations from homo- 
theticity are highly significant in both statis- 
tical and economic terms. Food, in particu- 
lar, has a very low estimated elasticity of 
demand and absorbs a major share of con- 
sumption expenditure in low-income coun- 
tries. Expenditures on food ranged from 60 
percent of personal consumption expendi- 
tures in India (lowest per capita income) to 
13 percent in the United States (highest per 
capita income). Figure 1 plots the estimated 
share of food expenditure as a function of 
per capita income for the 34-country sample 
in Hunter’s and my paper. Homotheticity 
would of course imply a constant share. 
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FIGURE 1. FITTED SHARE OF FOOD PLOTTED AGAINST 
TOTAL REAL PERSONAL CONSUMPTION 
EXPENDITURES PER CAPITA 
(Thousand of U.S. Dollars; Mean = $2108) 


Source: Data: Kravis, Heston, and Summers (1982); 
Estimation: Hunter-Markusen (1986). 


There is no formal analysis at this time to 
connect capital intensity in production with 
high income elasticity of demand in con- 
sumption, the combination of assumptions 
that generates a Linder-type concentration 
of trade among the industrialized countries. 
But “eyeballing” of the above-mentioned 
data set does suggest that there clearly exists 
a correlation between specialization in pro- 
duction and specialization in consumption 
for the top and bottom thirds of the coun- 
tries. The low-income countries tend to spe- 
cialize in both the production and consump- 
tion of food, while the high-income countries 
tend to specialize in both the production and 
consumption of manufactures and services 
(many of which are traded). As modeled 
here, it is these latter categories that tend to 
give rise to monopolistic-competition-type 
intra-industry trade. A formal analysis will 
be the subject of future work. 


I. Demand and Production 


Suppose that all individuals have identical 
utility functions given by 


Q) v= [aa] o-n, 


0<a,8<1, 
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where y is a homogeneous commodity, and 
y is a minimum consumption requirement. 
The x,’s are differentiated manufactured 
goods which are symmetric substitutes in 
consumption. y is used as numeraire, I; is 
consumer j’s income in terms of y, and p; is 
the price of x; The assumption that y and 
not x has a minimum consumption require- 
ment is arbitrary, but does have major impli- 
cations as will become clear below. 

Because the subutility function for manu- 
factured goods is homogeneous of degree 
one, I can use a two-stage budgeting proce- 
dure in which the consumer first divides his 
income between manufactured goods and the 
homogeneous commodity. The second-stage 
problem involves choosing the various goods. 
In order to solve the first-stage problem, I 
define price and quantity indices for manu- 
factures: 


The quantity index is thus just the subutil- 
ity function for manufactures, while the price 
index is the minimum expenditure needed to 
buy one unit of the composite, or, alterna- 
tively, the expenditure function e( p, ¥=1).? 
The consumer j’s first-stage problem is then 
given by 


(3) Maxuj*=()’(y-y)'? 


subject to- (1, — px = y) =0. 


The programming problem in (3) yields the 
following demand functions: 


(4) = B( I~ 1)/B; 
y=y+(1-B)(1,-yY). 


The consumer’s preferences and income 
consumption path are illustrated in Figure 2 


~ 


for a particular price ratio p. The utility 


3See Deaton and Muellbauer for a detailed analysis 
of this technique. 
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FIGURE 2 


function is simply a Cobb-Douglas with its 
origin transposed to (y= y, x = 0). The in- 
come consumption curve is linear, but does 
not go through the origin, indicating that the 
income elasticity of demand for x is greater 
than one, while that for y is less than one. 
Because of these linear Engle’s curves, I 
can aggregate individual demand functions 
in (4) to arrive at market demand functions, 
and I can indeed do so for the whole world 
if prices are the same everywhere. I shall 
make this free-trade assumption throughout 
this paper. Let X, and Y denote total world 
demands for goods, L denote total world 
labor supply, and J total world income. 
Summing over individuals in (4), we obtain 


(5) X=BU-yL)/B; 
Y=yL+(1-8)(J-yL). 


Note especially that market demands de- 
pend only on total income and total labor, 
not on the distribution of income among 
the individuals. The second-stage budgeting 
problem can be written as 


(6) MaxU, = (2x2) 

subject to (i, = =p;x;) =0;/= BU, -y). 
This programming problem yields familiar 

constant elasticity of substitution demand 


functions that are linear in J, and hence can 
be aggregated. Individual (x;,) and total de- 
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mands (X;) for X; are given by 
(7) x,;=1/p}(=p;"); 


X= 1/p?(3p;*); 


where ô >1 is the elasticity of substitution in 
consumption between X, and X,. 

Turning to firms, we assume that Y is 
produced with constant returns to scale by 
competitive firms. Each firm in the X in- 
dustry produces only a single product with 
increasing returns to scale. Products require 
a fixed cost F(w) and a constant marginal 
cost M(w), where w is a vector of factor 
prices and where F(w) and M(w) are the 
same for all products (firms). A firm’s aver- 
age cost function is thus 


ô=1/(1-a), 


(8) AC, =M(w)+ F(o)/X,. 


In order to make factor intensities unam- 
biguous, it is assumed that the fixed and 
variable inputs use factors in the same rela- 
tive proportions. Thus the total factor pro- 
portions used in X depend only on w and 
not on the scale of output. 

These identical cost functions plus the de- 
mand functions in (7) imply that it is always 
better to produce a different product than a 
product currently produced by an existing 
firm. Hence all products will be unique and 
each consumer will buy some of each prod- 
uct. Further, free entry by (single product) 
firms ensures that all X;’s that are produced 
sell for the same price and are produced in 
the same quantity. In what follows I shall 
therefore let p and X denote the price and 
quantity of a representative product and let 
n denote the number of products produced. 

Each firm in the X industry is assumed to 
have a small market share and consequently 
I make the usual monopolistic competition 
assumption that firms view the marginal util- 
ity of income as fixed. In the present model, 
this amounts to assuming that [/(Zp;, °°) is 
viewed as constant in the demand functions 
(7).4 The elasticity of demand as perceived 


*This assumption was first used in trade theory by 
Krugman. 
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by an individual producer is thus found by 
differentiating (7) holding I/(=p;%*) con- 
stant: 


(9) n= (9X,/dp;)( P:/X:) = — 8; 
or 1/n=-1/8=(a-1). 


Marginal revenue for an individual X pro- 
ducer is then given by the usual formula 


(10) 
which is of course less than p and decreas- 
ing in X. Monopolistic competition equi- 
librium is found from the equations MR = 
MC and p= AC. 


(11) 
(12) 


MR = p(1+1/n) = pa, 


pa=M(w) 
p=M(w)+ F(w)/X. 


Equations (11) and (12) are solved to yield 
output per firm 


(13) X=aF(w)/((1- @)M(w)). 


Note that the level of output of each variety 
does not depend on total income or on per 
capita income, but only on equilibrium fac- 


tor prices. 
From (5) above, we have 
(14) = pnX = pX=B(I-yL).. 


Replace X in (14) with (13) and replace p in 
(14) with M(w)/a from (11). This gives us 
the equilibrium number of varieties pro- 
duced: \ 


(15) n=(B(U-yL)(1—4))/F(w). 


Combining (14) and (15) we see that the X 
industry expands at constant factor prices by 
adding varieties rather than by increasing 
the outputs of individual goods. 


Il. The Integrated World Equilibrium 
Consider the equilibrium that would 


emerge if we lumped all regions together or 
alternatively allowed both factors and goods 
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to move costlessly between regions. Avinash 
Dixit and Victor Norman (1980) refer to this 
as the “integrated world equilibrium,” a 
concept that has been extensively exploited 
by Helpman and Krugman. Let p and @ be 
the equilibrium commodity price ratio and 
vector of factor prices, respectively, at the 
integrated world equilibrium. For the re- 
mainder of the paper assume also that there 
are only two factors of production, capital 
and labor (K and L), and that X is capital 
intensive. Finally, assume that the popula- 
tion of a country is identical to L and there- 
fore that there is not a separate class of 
people called capitalists. Equivalently, own- 
ership of capital is distributed (not neces- 
sarily evenly) among labor. 

At a given set of factor prices, a country’s 
per capita income will therefore be a func- 
tion of its capital-labor endowment ratio. 
With y > 0, the country with the higher K/L 
ratio will spend a larger fraction of its in- 
come on X. Note also that because my util- 
ity function permits perfect aggregation, it is 
not necessary to assume that workers within 
a country have identical capital endow- 
ments. 

Suppose that in the integrated equilibrium 
the total amount of (K, L) required in the X 
sector is B in Figure 3, and that C gives the 
total requirements in the Y sector. Assume 
initially that y =0 and 8 =1/2, so that the 
value of total production is the same in each 
sector (pnX =Y) and equal to (J/2). The 


K 


FIGURE 3 
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costs of factor bundles B and C are thus 
equal, and the slope of the line passing 
through B and C is (w/r). 

In order to provide a meaningful com- 
parison of different world equilibria, I shall 
in what follows consider “compensated” 
changes to the model that preserve the in- 
tegrated world equilibrium. This allows me 
to compare the bilateral trade volumes at the 
same prices, total production quantities, and 
regional GNP levels. 


I. Benchmark Equilibria 


In: this section I characterize two pure 
cases, both of which are well-known. In each 
case I assume homothetic demand (y= 0) 
and assume that 8 =1/2. One is the case of 
pure intra-industry trade (Krugman) and the 


other is the case of pure interindustry trade,- 


the Heckscher-Ohlin model. In order to limit 
the dimension of the taxonomy, I will as- 
sume that the North and South have identi- 
cal absolute levels of GNP so as to avoid 
well-understood determinants of trade vol- 
umes arising from such differences.° 


A. Pure Intra-Industry Trade 


Consider first the case of pure intra- 
industry trade. I divide the world into two 
regions, N and S, and give each region ex- 
actly one-half the world’s factor endowment. 
The endowments of N and S are thus given 
by A in Figure 3. Region N can be further 
subdivided into E and W, of identical size 
and relative factor endowments. This al- 
location of factors clearly has the integrated 
world equilibrium as its equilibrium and can 
be characterized as follows. 

1) N and S are diversified, each produc- 
ing Y= I/4 and differentiated products pnX 
= I/4, The variables p and X are the same 
everywhere so the South produces the same 
number of varieties (one-half the total) as N, 
or twice the number of E and W individu- 
ally. 


5See Helpman (1984) for a discussion of the country 
size (total GNP) issue. 
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2) There is no trade in Y, and S exports 
1/2 the output of each of its X, varieties to 
N, which is 1/4 of S’s GNP. This is because 
each individual, no matter where he (she) is 
located, consumes the same amount of every 
variety produced as does any other con- 
sumer. Subregion E sends 3/4 of the output 
of each of its varieties abroad, with 1/2 
going to S and 1/4 going to W. 

Pure Intra-Industry Trade: N and S 
Identical: 

S exports (1/4) of its GNP to the North, 
or (1/8) of its GNP to E and W individu- 
ally. 
E exports (1/8) of its GNP to the West 
and (1/4) of its GNP to S; similarly for W. 

All trade is intra-industry trade. 

The share of trade in a region’s GNP is 
proportional to one minus the share of that 
region’s GNP in world GNP. 


B. Pure Interindustry Trade 


Now consider an equilibrium in which 
there is only interindustry trade. Starting at 
the integrated world equilibrium, let a=1 
and F(w)=0 so that both the taste for 
diversity and scale economies disappear. The 
X industry becomes perfectly competitive 
producing with constant returns. In order to 
generate an integrated equilibrium with the 
same p, I do however need to raise the 
marginal cost of production M(w) to equal 
the old average cost. From (11), the old 
average cost is equal to M(w)/a, so I can 
define a new marginal cost function as 
M *(w) = M(w)/a.® 

Given a=1, F(w)=0, and M*(w)= 
M(w)/a, the integrated equilibrium will have 
the same p, w, and J as just discussed. Since 
a=1, I only need the demand functions (5) 
from the first-stage budgeting problem to 
obtain all relevant demand information. The 
competitive price equals marginal cost con- 
dition p = M *(#) = M(w)/a similarity en- 
sures the same supply relationship. If both N 
and S were at point A in Figure 3, there 


° This procedure relies on my earlier assumption that 
factor proportions depend only on w and not on the 
level of output. 
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would be no trade or, more correctly, en- 
tirely arbitrary trade given the assumed ab- 
sence of tariffs and transportation costs. 

Now slide the endowments of N and S 
apart along w /r in Figure 3, until N reaches 
point B and S reaches point C. Subregions 
E and W continue to be identical halves of 
N. Regions N and S will now specialize in X 
and Y, respectively, and the integrated equi- 
librium values of p, w, and J will be pre- 
served. Further, N and S will each have an 
income equal to (7/2) and will wish to spend 
equal shares of income on X and Y. This 
Heckscher-Ohlin equilibrium can be sum- 
marized as follows. 

Pure Interindustry Trade: N and S Spe- 
cialized, a=1, F(w)=0, and M*(w)= 
M(w)/a: 

S exports (1/2) of its GNP to the North 
or (1/4) of its GNP to E and W individu- 
ally. 

There is no E-W trade, and each of these 
regions exports (1/2) of its GNP to the 
South. 

All trade is interindustry trade. 

The share of trade in each region’s GNP i is 
the same and therefore unrelated to the re- 
gion’s size. 

I should note that the last presumption 
above is a very special result holding only 
for the case chosen (it relies on the total 
GNP of N equalling that of S, and on E and 
W being identical). Nevertheless, it does 
show that in a multiregion world there can 
be no presumption that the share of trade in 
GNP falls with country size. It is interesting 
to note that this presumption does hold in 
the case of pure intra-industry trade, but not 
in the Heckscher-Ohlin case.’ 


IV. Mixed Trade Caused by Endowment 
Differences, Scale Economics, and 
Nonhomothetic Demand 


Let us return a, F(w), and M(w) to their 
original values and consider again the. in- 
tegrated equilibrium with y = 0 and B =1/2. 
Beginning at point A in Figure 3, we can 


“Also noted by Helpman (1984). 
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once again slide N and S apart to B and C, 
respectively. At the initial p, œw, and there- 
fore I, both demand and cost conditions will 
be unchanged. Per capita income is higher in 
the North but, as noted in Section I, the 
demand function facing X producers de- 
pends only on total J. The consequence is 
that the integrated equilibrium values of p, 
w, and J continue to be equilibrium values. 
The only difference between the B/C equi- 
librium and the A equilibrium in Figure 3 is 
that N and S are specialized in the former. 
Recall that each individual, no matter where 
he (or she) is located, consumes each variety 
of X and that expenditure shares on X and 
Y are still (1/2) in each region. Trade 
volumes are as follows. 

Mixed Trade with Homogeneous Demand 
(y= 0): 

S exports (1/2) of its GNP to the North 
or (1/4) of its GNP to the E and W individ- 
ually. 

E exports (1/4) of its GNP to the W and 
(1/2) of its GNP to the S. 

N-S trade is exclusively interindustry and 
E-W trade is exclusively intra-industry. 

The volume of E-W trade relative to N-S 
trade is not affected by the spread in endow- 
ments. Both volumes double relative to the 
case of pure intra-industry trade. 

The volume of E-W trade increases rela- 
tive to the case of pure interindustry trade 
while the volume of N-S trade is unaffected. 
Scale economies and product differentiation 
thus create intra-industry trade, but do not 
displace interindustry trade. 

Now let us turn to the role of nonhomoge- 
neous demand and consider first initial in- 
tegrated equilibrium with y = 0 and 8 =1/2. 
Suppose that we increase both y and 8 from 
these initial values in a manner such that 
BCU — yL) in equation (5) stays constant at 
(1/2) for the initial value of I. As in previ- 
ous examples, this “compensated” change 
will preserve the initial p, w, and J as 
equilibrium values. From (5) it can be seen 
that total expenditure shares on X and Y 
will continue to be 1/2 at the initial J, and 
the demand functions in (7) will be un- 
changed at the initial 7, Equations (13) and 
(15) similarly give the same values of X and 
n at the initial J and w. The initial p, w, and 
I are preserved and points B and C in 
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Figure 3 continue to give the factor bundles 
needed to produce nX and Y. 

As before, we can give N and S factor 
bundles B and C, respectively, in Figure 3. 
This does not affect the total demand for X 
or the elasticity of demand for X and so the 
equilibrium values of p, w, and J are equal 
to their integrated world equilibrium values. 
There is a world expenditure share on X of 
(1/2), and total North and South incomes 
are unaffected and remain at (1/2). 


At point A in Figure 3, N and S have. 


equal per capita incomes as well as total 
incomes. But as S slides toward C in Figure 
3, L, (South labor force) grows while J, = 
I/2 remains constant. Let X* denote the 
value of total South demand for all the X;. 


The change in the value of South demand. 


for X follows from (14): 


(16) 


If L? denotes the South’s labor force at A 
and L£ its labor force at C, the fall in 
demand for X in the South is 


*=—BydL,. 


(17) 


Note from (14) above that a fall in demand 
for X by S is exactly matched by the rise in 
demand for X by N, so trade remains bal- 
anced and equilibrium is preserved as noted 
above. 

Let o = X*/I be the share of expenditure 
on X. Then the South’s share o, at C is 


_ BU,- Es) — By(L5- L$) 
I I, 
(3) By(L5— Ls) 1 
= | < || |m K -,. 
2 I, 2 
As noted above, LS, L$, and I, are all 
unaffected by the offsetting increases in B 
and y described above. Thus it is possible to 
raise y and £ (such that B(J — yL*) is con- 
stant) to the point where o, in (18) is arbi- 
trarily close to zero. 728 
Mixed Trade with Nonhomothetic Demand 
(y> 0): 
S exports (o,<1/2) of its GNP to the 


North or (0, /2) of its GNP to the East and 
West individually. 


AX*=—By(L°- L’). 


(18) 9, 
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E exports [(1— 0,)/2] > (1/4) of its GNP 
to the W and (o,<1/2) of its GNP to the 
South. 

The volume of E-W trade increases rela- 
tive to the volume of N-S trade as a conse- 
quence of the spread in endowments. The 
former more than doubles and the latter less 
than doubles relative to the case of pure 
intra-industry trade. 

The volume of E-W trade increases rela- 
tive to the case of pure interindustry trade 
while the volume of N-S trade falls. Nonho- 
motheticity of the type assumed here thus 
reduces the volume of interindustry trade. 
The volume of trade between countries with 
similar relative endowments can exceed that 
between countries with dissimilar relative 
endowments. 

These results rely of course on the as- 
sumption that the labor-intensive good has 
the less-than-unitary demand elasticity. This 
assumption means that each country has a 
high propensity to consume its own export 
good and therefore that interindustry trade 
is reduced relative to the case of homothetic 
demand. But intra-industry trade among the 
similar capital-abundant countries (East and 
West) is simultaneously increased. 

This result concerning the effect of nonho- 
mothetic demand on the volume of interin- 
dustry trade is illustrated in Figure 4. Let 
TT’ denote the identical production fron- 
tiers for N and S when they have the same 
endowments. This frontier depends on the 
output per firm in the X industry, which I 
assume equals the output at the integrated 
world equilibrium. The frontier is then con- 
vex to the origin, since expansion of X takes 
the form of adding firms rather than chang- 
ing the output per firm as noted above. A is 
the identical consumption point for N and S 
and jp the equilibrium price ratio. Each 
country’s community indifference curves are 
homothetic with respect to the displaced 
origin (Y = yL./2, X= 0). 

Production frontiers SS’ (for the South) 
and NN’ (for the North) in Figure 4 corre- 
spond to the endowments C and B, respec- 
tively, in Figure 3. The South specializes in 
Y and the North in X. As discussed earlier, 
the integrated equilibrium values of p, w, 
and J are preserved. If demand was homo- 
thetic, each country would continue to con- 
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FIGURE 4 


sume at A and the North and South would 
have trade vectors AN’ and SA, respec- 
tively. 

With nonhomothetic demand, the differ- 
ing per capita incomes of N and S make 
demands different in those two regions. De- 
mand for the South is homothetic with re- 
spect to the origin (Y = yL‘, X = 0) and de- 
mand by the North with respect to (Y= 
yL’, X =0). The integrated equilibrium val- 
ues of p, w, and I are preserved, but the 
South and the North consume at C, and C,, 
respectively. The volume of interindustry 
trade is now reduced relative to the case of 
homothetic demand, with N and S now trad- 
ing C,N’ and SC,, respectively. 

If I were to reverse either the factor-inten- 
sity assumption or the income-elasticity as- 
sumption, the volume of trade would of 
course increase relative to a Heckscher-Ohlin 
(homothetic demand) world. In Figure 4, if 
Y were capital intensive, then country S 
would produce at N’ and country N would 
produce at S. Their consumption bundles 
would continue to be as shown, indicating a 
very large volume of interindustry trade. 


V. Summary and Conclusions 


The purpose of this paper was to construct 
a model that could offer empirically plausi- 
ble predictions about both the volume and 
direction of trade in a multiregion world. As 
is often done, the world here is decomposed 
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into a capital-abundant North and a labor- 
abundant South. The North is then further 
divided into two identical regions, East and 
West. One production sector produces dif- 
ferentiated, capital-intensive manufactured 
goods with increasing returns to scale while 
the other sector produces a homogeneous, 
labor-intensive commodity with constant re- 
turns to scale. 

The existing theory based on homothetic 
demand predicts that E-W trade will be 
intra-industry trade in differentiated manu- 
factured goods while N-S trade will be inter- 
industry trade of the homogeneous good for 
manufactures. But while this theory gives us 
a good model of the direction of trade, it 
cannot adequately describe the volume of 
E-W vs. N-S trade. This was demonstrated 
here by first considering the case where N 
and S had identical absolute and relative 
capital-labor endowments (Section III). 
When I then transferred labor from N to S 
and capital from S to N, I showed that both 
E-W intra-industry trade and N-S interin- 
dustry trade increased in the same propor- 
tion. In the example of Section IV, both 
E-W and N-S trade doubled as a conse- 
quence of the spread in endowments. 

The factor-endowments cum scale-econo- 
mies model is thus not rich enough to offer 
insights into the volume of E-W vs. N-S 
trade. It cannot by itself offer explanations 
as to the large volume of E-W vs. N-S 
trade. There are, of course, several well- 
known explanations of this unequal trade 
volume. First, N-S trade barriers are thought 
to be significantly higher than E-W trade 
barriers. Second, the total GNP of the South 
is smaller than that in the North. Linder’s 
original empirical analysis corrected for the 
latter but not for the former. 

This paper takes a different approach to 
trade volume by following Linder in assum- 
ing nonhomothetic preferences. A Linder- 
type trading pattern (trade concentrated 
among the capital-rich industrialized coun- 
tries) emerges if capital intensity in produc- 
tion is correlated with high-income elasticity 
of demand in consumption. The capital-rich 
North specializes in manufactured goods, but 
also spends a large fraction of its income on 
these goods due to its high per capita in- 
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come. Conversely, the South spends a large 
fraction of its income on its own export 
good. It was demonstrated that as the degree 
of nonhomogeneity increases in a well- 
defined way, the absolute level of E-W trade 
increases while the absolute level of N-S 
trade falls. It must be emphasized that the 
empirical connection between factor intensi- 
ties and income elasticities has not yet been 
established. This Linder-type result -is thus 
only a special case of the paper’s more gen- 
eral contribution: modeling how per capita 
income can systematically influence trading 
patterns. 

To summarize, the model has three bases 
for trade: differences in relative factor en- 
dowments, scale economies and product 
differentiation, and nonhomothetic prefer- 
ences. The first two are needed to explain the 
direction of trade and the third is needed to 
explain the volume of E-W vs. N-S trade. 
This third factor, although new to formal 
trade theory, is strongly supported by em- 
pirical evidence. 
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Nominal Contracts in a Bimetallic Standard 


By PETER M. GARBER* 


A bimetallic standard grants nominal debtors an option to deliver either of two 
metals. Construction of theoretical bimetallic option values allows the computation 
of the option value implicit in nineteenth-century U.S. securities. Appropriate 
yield adjustments permit a comparison of U.S. and monometallic European 
security yields. Yields on antebellum U.S. securities are close to British yields. 
Evaluating the option also allows the estimation of wealth transfers from shifts in 
the monetary standards during the nineteenth-century silver agitation. 


The objective of this paper is to determine 
the value of contracts to deliver dollars un- 
der a bimetallic standard, a multiple com- 
modity standard of the sort embraced by 
many of the industrializing countries in the 
nineteenth century. Since contracting in bi- 
metallic dollars grants the short interest an 
option to deliver either gold or silver, a 
dollar contract can be evaluated by applying 
results from the options literature. With such 
an evaluation, one can determine the magni- 
tude of wealth transfers effected by terminat- 
ing or returning to a bimetallic standard, as 
occurred during phases of the nineteenth- 
century silver agitation. Also, evaluation of 
the bimetallic contract provides a rationale 
for the high yields on dollar securities rela- 
tive to sterling yields observed in the nine- 
teenth century. While high dollar yields have 
been interpreted in the literature as an indi- 
cator of a higher cost of capital in the United 
States, they resulted merely from the differ- 
ence in monetary standards. 

Under a bimetallic monetary standard, the 
unit of account is defined as either a given 
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weight of gold or a given weight of silver. 
Since the market relative price between the 
two metals rarely equals the legally implied 
exchange ratio, the cheaper metallic unit or 
its value equivalent is delivered to satisfy 
contracts in the nominal unit.” 

Most discussions of bimetallic standards 
focus on the necessary appearance of a se- 
quence of monometallic epochs which alter- 
nate between deliveries of gold and silver 
money.*? The observed failure of most bi- 
metallic systems to achieve the simultaneous 
circulation and delivery of both metals is 
deemed obvious evidence of the weakness of 
bimetallism. Economists have proposed more 
sophisticated metallic or general commodity 


More accurately, legal tender coins defined as equal 
to a certain number of units of account contain pre- 
cisely defined weights of one or the other precious 
metal. 

Arthur Rolnick and Warren Weber (1986) have 
recently discussed circumstances under which Gresham's 
Law will not apply, using the U.S. bimetallic and 
greenback periods as examples. Even in such cir- 
cumstances the value equivalent of the overvalued metal 
will be delivered to satisfy dollar contracts. 

3This is particularly true of J. Laurence Laughlin 
(1885) who was strongly opposed to bimetallism. How- 
ever, less partisan writers such as Alfred Marshall (1887), 
Irving Fisher (1923), and Robert Barro (1979) also raise 
this issue. For a concentration on the delivery option 
dimension of bimetallism, see William Jevons (1899) 
who characterized bimetallism as an “alternating stan- 
dard.” The delivery option feature was recognized as 
the essence of bimetallism by its supporters, who also 
clearly understood the necessary alternation of mono- 
metallic epochs under bimetallism. See U.S. Congress 
(1877, pp. 11, 91-101) for a clear statement of the 
nature of the option feature from the pro-bimetallic 
camp. 
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standards, such as symmetallism or tabular 
standards, aimed both at circumventing this 
monometallic circulation and at stabilizing 
the price level.4 While many economists ex- 
pect welfare gains from price level stabiliza- 
tion, it is not clear why recurrent switching 
from one circulating metal to another should 
be detrimental of itself. 

Policy discussions of the U.S. bimetallic 
standard peaked in the 1890’s and 1930's. 
Since these were periods of depression, defla- 
tion, and cheap silver, powerful coalitions of 
groups which would benefit from inflation 
organized around the reestablishment of the 
original bimetallic dollar standard. In such a 
system, cheap silver-based money would im- 
mediately become the circulating medium, 
driving up the price level and effecting sub- 
stantial transfers to debtors. 

This paper develops a method to price 
actual nominal contracts under bimetallism 
and to address some historical issues arising 
from the U.S. bimetallic experience. In the 
development of a pricing model and of the 
estimates of the bimetallic option values, I 
follow the same strategy as Gerald Gay and 
Steven Manaster (1984), who constructed the 
option values of delivering different qualities 
of wheat in a futures contract. Section I 
presents a brief history of nineteenth-century 
U.S. coinage laws relating to bimetallism. 
Section II contains a demonstration of how 
to evaluate a bimetallic contract using re- 
sults from the options pricing literature. In 
an example based on results in Robert Mer- 
ton (1973), William Margrabe (1978), and 
René Stulz (1982), the current value of a 
contract to deliver dollars in the future is 
developed for continuous time environ- 
ments. One can readily show that the price 
paid for a dollar contract will be less than 
the prices paid for otherwise identical con- 
tracts promising to pay only gold or only 
silver. The measured yields on dollar con- 


4Symmetallism prescribes the definition of the dollar 
in terms of a basket of metals, where a given weight of 
each metal is contained in the basket. There is no 
option associated with the short interest. In a tabular 
standard, the dollar is valued according to a particular 
price index. See, for example, Milton Friedman (1984) 
for a recent description of a tabular standard and 
Marshall (1887) on symmetallism. 
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tracts will then be higher than yields on 
monometallic contracts. 

In Section III, I compute theoretical val- 
ues of actual U.S. Treasury securities: prom- 
ising to deliver bimetallic dollars in varying 
future payment streams. I calculate the im- 
plied option value of the bimetallic bonds 
relative to gold bonds and compare bi- 
metallic theoretical bond prices to actual 
realized prices. In Section IV, I address the 
issue of whether capital was more costly in 
the nineteenth-century United States than in 
Great Britain, a standard debate in the his-. 
torical literature. In Section V, I use the 
computed option values to examine the 


‘potential wealth transfers from terminating 


the free coinage of silver in 1873 and restor- 
ing it at the end of the nineteenth century. 
The results indicate that the wealth transfer 
from debtors associated with the termination 
of the free coinage of silver in 1873 was 
small, amounting to no more than one year’s 
interest payment on outstanding debt. Given 
the low price of silver in the 1890's, restora- 
tion of free coinage of silver would have far 
more than offset the value of the engine 
transfer. 


I. The Evolution of U.S. Bimetallism 


Here I present a brief chronology of the 
legal development of U.S. bimetallism. Also, 
I describe some of the legislation imple- 
mented in the post-1873 agitation to restore 
the free coinage of silver. I have relied on 
J. Laurence Laughlin (1885), Charles Dunbar 
(1883), the U.S. Senate Finance Committee 
(1894), and Milton Friedman and Anna 
Schwartz (1963) as sources for this discus- 
sion. 

Prior to the adoption of the Constitution, 
foreign coins, primarily silver Spanish dol- 
lars, comprised the specie of the United 
States. The first national coinage was pro- 
vided under the Act of 1792 which estab- 
lished the mint and defined the dollar as 
371.25 grains (.773 troy ounces) of silver. 
The law authorized the coinage of a silver 
dollar and half-dollars, quarter-dollars, 
dimes, and half-dimes containing corre- 
sponding weights of silver. In addition, the 
mint was authorized to issue ten-dollar gold 
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coins (eagles) containing 247.5 grains (.515 
troy ounces) of gold, as well as half-eagles 
and quarter-eagles. Effectively, the law de- 
fined the monetary value of a given weight 
of gold as fifteen times that of the same 
weight of silver. It provided for free coinage 
of both metals in that anyone delivering a 
given weight of a metal to the mint could 
receive in exchange authorized coins con- 
taining an equal weight of the same metal. 
This service would be provided free of charge 
if the delivering party were willing to allow 
the coinage to occur “as speedily as may be 
after the receipt thereof [of the bullion]” 
(Dunbar, p. 228). Finally, the law declared 
that the coins struck at the mint were lawful 
tender “in all payments whatsoever, those 
[coins] of full weight according to the respec- 
tive values herein before declared” (Dunbar, 
p. 229). 

Figure 1 indicates the ratio of the market 
price of gold to that of silver from 1787 to 
1884. In 1792, as the coinage act was passed, 
the market ratio was approximately 15/1. 
However, the ratio permanently rose above 
15/1, making silver overvalued at the mint. 
Since contracting parties would then deliver 
only silver or its value equivalent to satisfy 
dollar contracts, the real value of the dollar 
was the value in terms of goods of 371.25 
grains of silver. 

In an act of 1834, the dollar was devalued 
in terms of gold. The ten-dollar gold coin 
would now contain 232. grains (.483 troy 
ounces) of gold, a devaluation of 6.3 percent, 
which changed to 16/1 the weight ratio of 
silver to gold in the dollar. Proportional 
changes were made in the gold content of 
the smaller gold coins. Since the market rela- 
tive price fluctuated between 15.5 and 16., 
this devaluation meant that gold or its value 
equivalent would now be delivered to satisfy 
dollar contracts. The act of 1837 slightly 
revalued the ten-dollar coin to 232.2 grains 


5 Why a bimetallic standard was the preferred stan- 
dard of the political process is not clear. Although 
carefully considered, the reasons for selecting the.1792 
system outlined by Alexander Hamilton (1791) seem to 
have had their basis in the existing system of circulating 
coinage bequeathed to the United States. 
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FIGURE 1. THE NUMBER OF OUNCES OF SILVER 
EXCHANGEABLE FOR ONE OUNCE OF GOLD 


Source: Laughlin, p. 161. 


of gold, with corresponding changes in the 
smaller gold coins. 

In 1853, the full silver weight and un- 
limited legal tender properties of the frac- 
tional coinage were terminated. The amount 
of silver in the fractional coins was reduced 
by 7 percent, and they were made legal 
tender in quantities not exceeding five dol- 
lars. Furthermore, the free coinage of frac- 
tional coins was terminated. This change 
meant that the ratio of silver contained in a 
dollar’s worth of fractional coins to gold in 
the gold dollar was less than 15/1. The law 
left unchanged the definition of the silver 
dollar. 

In 1859, the enormous Nevada Comstock 
Lode was discovered, a silver strike which 
reversed the decline in the relative value of 
gold begun with the Californian and Aus- 
tralian gold strikes of the 1840’s. Silver prices 
slowly declined until 1873 when the accel- 
erating development of the Nevada deposits 
initiated a rapid fall in the silver price. 

In the act of February 12, 1873, silver was 
effectively demonetized. The old silver dollar 
was not included among the silver coins 
authorized for minting in the United States, 
although a “trade dollar’ and fractional 
coins were allowed. Only these authorized 
silver coins were given legal tender status for 
payments not exceeding five dollars. Free 
coinage of legal tender silver was eliminated. 
By this act the metallic dollar was effectively 
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defined as a given weight of gold alone. Any 
contracts for future delivery of dollars were 
redefined by this act in that only gold or 
greenbacks could be delivered, where before 
silver could have been delivered. From the 
point of view of the government, which 
delivered only specie on its debt, its con- 
tractual option to deliver silver was now 
removed.’ In addition to the United States, 
other important countries abandoned silver 
simultaneously, that is, Germany which had 
a silver standard and the Latin Union 
(France, Italy, and Belgium) which had a 
bimetallic standard. 

Some researchers have argued that the 
changes had little practical effect since the 
market ratio of the gold price to the silver 
price was still below 16/1 in 1873.8 How- 
ever, though the 1873 market ratio was still 
below 16/1, this change may have repre- 
sented an important wealth transfer. If the 
value of the bimetallic option to pay in silver 
was high, anyone engaged on the short side 
of a dollar contract prior to 1873 would 
immediately feel the impact of the change in 
standard as a transfer from himself to his 
creditors. Similarly, taxpayers would recog- 
nize a transfer from themselves to the gov- 
ernment’s creditors. 

Soon after the law’s passage, the market 
ratio exceeded 16/1, reaching levels over the 
next twenty years which were unprecedented 
in the prior two centuries of data. The sud- 
den rise in the market ratio triggered a 
quarter-century agitation to restore the free 
coinage of silver. First fruit of this move- 
ment was the Bland-Allison Act of 1878 
which reauthorized the issue of the standard 


©The greenbacks, introduced in 1862, were also legal 
tender; but by 1879 they were redeemable in coin under 
the Resumption Act of 1875. 

7 There is some evidence that silver was demonetized 
in anticipation of the decline in its relative price. See, 
for example, P. O’Leary (1960). 

5) aughlin argued that the act of 1873 simply ratified 
a demonetization of silver that had occurred with the 
1853 removal of full legal tender status for subsidiary 
silver coins. Since few silver dollars had been minted 
through 1873, he claimed that the act of 1873 merely 
recognized existing conditions (p. 92). Friedman and 
Schwartz reiterated Laughlin’s argument in their discus- 
sion of the episode (p. 114). 
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silver dollar with legal tender status and 
required limited Treasury silver purchases 
with silver certificates. Since government ob- 
ligations required only the delivery of coin, 
this change restored the bimetallic option to 
the government. However, free coinage of 
silver was not restored. 

The Sherman Silver Purchase Act of 1890 
repealed the silver purchase provisions of the 
Bland-Allison Act, replacing them with a 
requirement to purchase silver more rapidly. 
Payment for the silver was made in Treasury 
notes of 1890, a legal tender currency re- 
deemable on demand into gold or silver coin 
at the option of the government. The law 
required the purchase of 4.5 million ounces 
of silver per month at market prices until the 
market price reached one dollar for 371.25 
grains of silver. Had this law remained in 
effect indefinitely, it would have increased 
the domestic credit (silver) component of the 
money base until only silver coin or notes 
convertible to silver would have been de- 
livered to satisfy nominal contracts. Effec- 
tively, this would have been equivalent to a 
resumption of free coinage of silver, thereby 
threatening the continued circulation of gold. 
Within three years, the gold dollar was suffi- 
ciently threatened that the Sherman Silver 
Purchase Act was repealed in the midst of 
the Panic of 1893. However, the agitation for 
free coinage of silver was not extinguished 
until the presidential election of 1896. 


H. Evaluating a Future Dollar Delivery 


Here I produce a pricing formula for con- 
tracts promising future dollar deliveries in a 
bimetallic standard, emphasizing that a de- 
livery option is the essential feature of a 
bimetallic standard. The dollar contract pric- 
ing solution and the extent of the discount 
will be developed in a continuous time 
environment. In this section, all prices will 
be denominated in terms of units of gold. 
Units of gold and silver are defined as the 
legal pure gold and silver content of the - 
dollar, respectively. I will assume that an 
individual’s portfolio may hold positions in 
contracts for future dollar deliveries, in silver 
or gold bonds, and in options to supply a 
unit of gold in exchange for a unit of silver 
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in the future (silver option). Alternatively, it 
may contain an option to supply a unit of 
silver in exchange for a unit of gold (gold 
option).? These metal exchange options are 
standard call options. For example, since the 
holder of the silver option can require the 
delivery of a unit of silver for a unit of gold, 
he has a call option on silver with a striking 
price of unity. 

The procedure involved in finding the 
time ¢ value of a contract to deliver one dol- 
lar at time t+ borrows directly from con- 
cepts in the option pricing literature. I find 
appropriate positions in pure discount gold 
bonds, silver bonds, or metal call options in 
the time ¢ portfolio which perfectly dupli- 
cate the payoffs of the dollar contract in all 
future contingencies. The value of the dollar 
contract can be determined as the equity 
value of the bond and option positions 
through a simple arbitrage argument. 

Specifically, the time ¢ market value of an 
agreement to deliver one dollar at time t + 0 
can be derived by evaluating a position in 
pure discount silver bonds and silver call 
options which duplicates the ¢+ 6 payoff of 
the dollar contract. The silver bonds mature 
at t +0 and have a face value of one unit of 
silver, and the call option expires at t+ 8. 

Using Table 1, it is easy to verify that a 
portfolio long one silver discount bond and 
short one silver call option mimics the dollar 
contract. One silver discount bond will pay 


°Margrabe has priced an option to exchange one 
asset for another. I consider this kind of option because 
Stulz shows that the current value of a contract to 
deliver the lesser valued of assets A and B in the future 
equals the current price of A less the current price of an 
option to exchange.B for A in the future. Stulz devel- 
oped a pricing formula for a European call option on 
the less valuable of two risky assets in a continuous time 
framework. A European call option can be exercised 
only on the expiration date. For the special case in 
which the striking price is zero, such an option is a 
contract to deliver one of two assets, where the short 
position has the option of which asset to deliver. The 
option will always be exercised at the expiration date, 
and the short side will always deliver the less valuable 
of the two assets. This is exactly the contractual 
arrangement of an agreement to deliver future dollars in 
a bimetalllic standard. If the future delivery is simply 
the repayment of a previous loan, then the special case 
of a zero striking price materializes. 
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TABLE 1— PAYOFFS FROM SILVER BOND, 
SILVER OPTION, AND DOLLAR CONTRACT 


Contingencies at £ + 0 


Asset P (t+0)<1  P(t+0)>1 
1. Silver Bond P (t +9) P{(i+8) 
2. Silver Option 0 1— P,(t+@) 
3. Dollar Contract P,(t +6) 1 


one unit of silver at ¢+ 6, with a gold value 
of P,(t+ 6). The short position in the silver 
option will entail a zero payoff if P,(t + 8) 
<1 and a negative payoff 1— P.(¢+) if 
P (t +6) >1. When the silver dollar is worth 
less than the gold dollar, the dollar contract 
will pay out one unit of silver with a value of 
P (t+ 8). Otherwise, it will pay out a gold 
dollar valued at 1. The net payoff of the 
silver bond-silver option position is P,(t + 8) 
if P.(t¢+@) <1 and 1 if P.(¢+6@)>1, which 
is identical to the payoff pattern of the dollar 
contract. Therefore, arbitrage would prevent 
the current gold value, V(P,(t),@), of the 
dollar contract from differing from the value 
of the equity in the silver bond-silver option 
position. 

The equity value of the position depends 
on the assumed stochastic laws of motion for 
the P(t) and for the yields on gold and 
silver bonds. For example, I will assume that 
gold and silver bonds pay continuously com- 
pounded, constant own yields a, and 7,, 
respectively. Also, the relative price of silver 
in terms of gold is driven by the stochastic 
process: 


(1) aP,(t)/P,(t) =pdt+rdZ(t), 


where p is the instantaneous expected per- 
centage relative price change of silver; A is 
the associated instantaneous standard error, 
assumed constant; Z(t) is a Wiener process. 
The time ¢ prices of gold, 1, and silver, 
P(t), will move exogenously to the market 
for dollar contracts. 

In this case the equity value of the silver 
bond-silver option position is 


(2a) V(P,(¢),9) 
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where exp(— 7,8) is the current value in 
silver of the bond, and D,(P,(t),@) is the 
value of the silver call option expiring at 
t+6, given time ¢ prices. Using a similar 
argument based on positions in gold dis- 
count bonds and gold options, the dollar 
contract’s value can also be expressed as 


(2b) V(P,(t),8) 
= exp[- 


1,0|—D,(P,(t), 9), 
where D,(P,(t), 9) is the value of an option 
to deliver a unit of silver in exchange for a 
unit of gold. 

To derive the price D,(P,(t), 9), I argue 
that the option on silver is analogous to a 
call option on a stock which continuously 
pays a dividend equal to a constant per- 
centage of the stock’s market price. Since 
Merton has produced a pricing formula for 
such an option, I can then substitute it for 
D, in (2a).!? Since the numeraire gold will be 


delivered in payment by the holder in ex- ` 


ercising the option, instantaneous gold loans 
are the analogs to the riskless nominal loans 
in the standard option pricing formulas, and 
the instantaneous gold yield 7, is the analog 
to the yield on risk-free loans. 

To complete the analogy, I must consider 
which asset constitutes the underlying asset 
of the option. Since’ the option is a call 
option on one unit of silver, I must find a 
silver-denominated asset which delivers one 
silver unit at ¢ + 0. This delivery requirement 
is satisfied by the holding of one silver 
coupon bond maturing at ¢+9@ with a par 
value of one unit of silver and continuous 
coupon rate of 7,. The silver coupon bond 
would deliver the one unit of silver at time 
t +0, so a call option on the bond exercis- 
able at t+ is a call on a unit of silver. 
Therefore, the coupon bond can represent 
the underlying security of the option. Also, 
the time f price in silver of this coupon bond 
is one silver dollar; so its time ¢ price and 
coupon payment in gold are P(t) and 
a,P,(t), respectively. Since the stochastic 


Wor a simplified discussion of this formula, see 
Clifford Smith (1976, p. 26). 
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processes driving the gold price of the silver 
coupon bond and its interest payments are 
exactly those assumed by Merton, his pricing 
formula is applicable: 


(3) D,(P,(t), 6) = exp[— 7,6] P,(t)N(d;,) 
—exp|— 7,0] N(d2), 


where d,= [in( P,(t)) 
+ (a, — m, +27/2)6|/AvO 
and  d,=d,—dv0. | 


N(x) is the value of the cumulative stan- 
dard univariate normal distribution function 
evaluated at x, and i? is the variance of the 
percentage change in the relative price be- 
tween the gold and silver content of the 
dollar. 

Substituting from (3) into (2) completes 
the calculation of V(P,(t),@). More gener- 
ally, bimetallic coupon bonds which make 
discrete dollar payments H(@) at @= 
1,2,3,..., N, have a current value of 


(4) VBD) = È MRC, 0)H(0) 


Il. The Nominal Values of 
U.S. Bimetallic Securities 


Here, I apply the dollar contract pricing 
formula derived in Section II to compute the 
theoretical value of bonds promising to pay 
bimetallic dollars issued by the U.S. govern- 
ment in the nineteenth century. I employ 
formula (4) except that I compute security 
values in nominal rather than in gold terms. 
I simply multiply both sides of (4) by Ê, the 
nominal value of the gold dollar. For É, the 
price of the silver dollar in terms of gold 
dollars, I substitute Ê Pes where Ê, is the 
nominal value of the silver dollar. Ê, Ê, Tey 
and ~g are obtained from actual “observa. 
tions. I report the steps required to compute 
Ê, and Ê, in the Appendix. For 7,, I use the 
beginning of January yield on British 3% 
Consols from 1818 to 1882 and 2.5 percent 
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annuities from 1883 to 1896. Since Great 
Britain adhered to a monometallic gold 
standard for most of the period and paid 
these loans in gold throughout the period, 
the Consol and annuity yields represent the 
yield on pure gold loans. For z,, I used the 
beginning of January yield on various long- 
term Prussian loans through 1870. Along 
with the rest of the German states, Prussia 
maintained a pure silver standard through 
1873, so these yields represent the yield on 
pure silver loans. However, though Prussia 
switched to a gold standard in 1873, it had 
begun a transition from silver in 1871. 
Therefore, for 1871-96, I used the yield on 
rupee loans selling in London for z,."4 

The assumptions in the Section II example 
of constant 7, and 7, and on the form of the 
process driving P,(t) are very strong. A 
glance at Table 2 indicates that 7, and 7, 
fluctuated from 1818 to 1896. Thus, it is 
desirable to construct the price of the bi- 
metallic bond in an environment of random 
movement of silver and gold yields to pro- 
duce a proper model of the term structures 
for gold and silver loans. John Cox, Jonathan 
Ingersoll, and Stephen Ross (1985a,b) have 
recently provided a method of pricing dis- 
count loans and options on bonds in a one- 
good optimizing model. From assumptions 
on the stochastic process driving the produc- 
tivity of capital, they derived the equilibri- 
um stochastic process driving the yield on 
instantaneous riskless loans along with 
the equilibrium term structure on discount 
bonds. Cox et al. show that arbitrage meth- 
ods for pricing securities may produce prices 
that are not supported in equilibrium be- 
cause of arbitrary assumptions about the 
stochastic process driving the interest rate on 
riskless loans. For implementation in. the 
present problem, their model must be ex- 
tended to an environment of multiple, stor- 
able goods so that silver and gold can be 
priced along with consumption goods. Also, 
the empirical implementation of their meth- 
ods requires the estimation of taste parame- 


In the Data Appendix I discuss the nature of 
Indian rupee bonds and their rate of return. 
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ters, the identification of which is achieved 
by assuming that there are no taste dis- 
turbances. On this problem, see my paper 
with Robert King (1984). Finally, empirical 
implementation of the Cox et al. model re- 
quires observations of more maturities along 
the term structure than are likely to be avail- 
able in the present problem. 

Oldrich Vasicek (1977) provides an inter- 
mediate method for addressing the stochas- 
tic nature of m, and 7,. Using an arbitrage 
approach, he assumes that the instantaneous 
riskless interest rate follows an Ornstein- 
Uhlenbeck process which drifts to some 
long-term mean. With this assumption, he 
can solve explicitly for the price of discount 
bonds of arbitrary maturity. Empirical im- 
plementation requires time-series observa- 
tions on the rate of interest on riskless loans 
and observations on the slope of the term 
structure of interest rates at the short matur- 
ities. However, there is a problem in gath- 
ering the necessary data. For example, 
throughout the nineteenth century, British 
debt consisted almost exclusively of the 
3% Consols, a long-term debt instrument. A 
small percentage consisted of Exchequer 
bills. According to Charles Fenn (1883), Ex- 
chequer bills comprised 4.3 percent of the 
total debt in 1825, 3.5 percent in 1835, 2.1 
percent in 1845, and 2.8 percent in 1855, 
part of which was always held by the Bank 
of England. Prices for new bills are available 
in British periodicals. However, since there 
was a thin market even for new bills, yield 
data on short bills and on the slope of the 
short end of the term structure would not be 
easily available. The problems are yet more 
difficult for yields on short-term silver loans; 
I have not yet found data on Prussian bill 
yields, though Sidney Homer (1977) does 
present data on short-term commercial loans. 

In the absence of the necessary data for 
the more realistic pricing formulas, I have 
chosen to implement the Section II pricing 
solution. I estimated A? for each year by 
computing a moving sample variance of ac- 
tual percentage changes in the relative value 
of the gold dollar to the silver dollar. In the 
results which I report here, the sample con- 
sists of the ten previous years’ percentage 
changes. I have also constructed estimates 
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TABLE 2— DATA EMPLOYED IN BIMETALLIC BOND FORMULA 


Dollar Price of Yield 

Year Gold Silver Gold Silver xa 

1818 1.0235 1.0000 0.0369 0.0598 0.00079 
1819 0.9984 1.0000 0.0388 0.0558 0.00082 
1820 1.0141 1.0000 0.0446 0.0586 0.00086 
1821 1.0567 1.0000 0.0430 0.0570 0.00103 
1822 1.0567 1.0000 0.0390 0.0539 0.00089 
1823 1.0567 1.0000 0.0378 0.0541 0.00088 
1824 1.0567 1.0000 0.0347 0.0445 0.00027 
1825 1.0349 1.0000 0.0318 0.0446 0.00031 
1826 1.0392 1.0000 0.0369 0.0467 0.00031 
1827 1.0567 1.0000 0.0380 0.0455 0.00031 
1828 1.0392 (1.0000 0.0363 0.0438 0.00035 
1829 1.0567 1.0000 0.0345 0.0398 0.00028 
1830 1.0567 1.0000 0.0320 0.0435 0.00028 
1831 1.0567 1.0000 0.0371 0.0425 0.00012 
1832 1.0567 1.0000 0.0364 0.0428 0.00012 
1833 1.0747 1.0000 0.0347 0.0412 0.00015 
1834 1.0567 1.0000 (0.0339 0.0400 0.00018 
1835 1.0000 1.0095 0.0330 0.0393 0.00054 
1836 1.0000 1.0116 0.0327 0.0393 0.00053 
1837 1.0000 1.0180 0.0339 0.0388 0.00048 
1838 1.0000 1.0086 0.0332 0.0389 0.00049 
1839 1.0000 1.0256 0.0323 0.0386 0.00045 
1840 1.0000 1.0256 0.0332 0.0386 0.00045 
1841 1.0000 1.0235 0.0334 0.0383 0.00045 
1842 1.0000 1.0129 0.0335 0.0384 0.00048 
1843 1.0000 1.0057 0.0317 0.0387 0.00044 
1844 1.0000 1.0044 0.0309 0.0346 0.00043 
1845 1.0000 1.0086 0.0300 0.0357 0.00005 
1846 1.0000 1.0044 0.0316 0.0372 0.00005 
1847 1.0000 1.0192 0.0320 0.0379 0.00007 
1848 1.0000 1.0002 0.0350 0.0440 0.00010 
1849 1.0000 1.0129 0.0337 0.0395 0.00009 
1850 1.0000 1.0107 0.0309 0.0414 0.00009 
1851 1.0000 1.0447 0.0310 0.0392 0.00019 
1852 1.0000 1.0298 0.0308 0.0369 0.00020 
1853 1.0000 1.0404 0.0299 0.0384 0.00020 
1854 1.0000 1.0447 0.0322 ° 0.0421 0.00020 
1855 1.0000 1.0447 0.0330 0.0408 0.00020 
1856 1.0000 1.0425 0.0345 0.0425 0.00020 
1857 1.0000 1.0510 0.0317 0.00019 


0.0428 
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Year Gold Silver Gold Silver xe 
1858 1.0000 1.0425 0.0318 0.0412 0.00015 
1859 1.0000 1.0171 0.0309 0.0414 0.00021 
1860 1.0000 1.0510 0.0313 0.0406 0.00030 
1861 1.0000 1.0383 0.0324 0.0393 0.00022 
1862 1.0299 1.0651 0.0329 0.0389 0.00021 
1863 1.3362 1.3931 0.0324 0.0398 0.00020 
1864 1.5162 1.5808 0.0328 0.0384 0.00020 
1865 2.2599 2.3562 0.0333 0.0391 0.00020 
1866 1.4324 1.4965 0.0344 0.0413 0.00020 
1867 1.3437 1.3867 0.0332 0.0422 0.00021 
1868 1.3349 1.3663 0.0326 0.0433 0.00021 
1869 1.3512 1.3887 0.0324 0.0497 0.00015 
1870 1.2187 1.2499 0.0325 0.0492 0.00004 
1871 1.1087 1.1371 0.0326 0.0414 0.00003 
1872 1.0974 1.1279 0.0323 0.0394 0.00003 
1873 1.1212 1.1369 0.0325 0.0387 0.00003 
1874 1.1049 1.0864 0.0326 0.0392 0.00010 
1875 1.1237 1.0954 0.0326 0.0369 0.00009 
1876 1.1274 1.0679 0.0319 0.0382 0.00013 
1877 1.0687 1.0372 9.0317 0.0399 0.00023 
1878 1.0000 0.9112 0.0318 0.0413 0.00052 
1879 1.0000 0.8412 0.0315 0.0417 0.00089 
1880 1.0000 0.8889 0.0307 0.0410 0.00139 
1881 1.0000 0.8645 0.0304 0.0393 0.00138 
1882 1.0000 0.8815 0.0300 0.0382 0.00148 
1883 1.0000 0.8518 0.0284 0.0388 0.00151 
1884 1.0000 0.8624 0.0269 0.0394 0.00156 
1885 1.0000 0.8455 0.0272 0.0392 0.00156 
1886 1.0000 0.7882 0.0279 0.0399 0.00183 
1887 1.0000 0.7819 0.0268 0.0411 0.00165 
1888 1.0000 0.7533 0.0256 0.0394 0.00150 
1889 1.0000 0.7204 0.0277 0.0401 0.00118 
1890 1.0000 0.7522 0.0262 0.0398 0.00102 
1891 1.0000 0.8222 0.0265 0.0398 0.00199 
1892 1.0000 0.7416 0.0256 0.0384 0.00274 
1893 1.0000 0.6473 0.0252 0.0377 0.00402 
1894 1.0000 0.5382 0.0242 0.0377 0.00594 
1895 1.0000 0.5255 0.0232 0.0377 0.00592 
1896 1.0000 0.5191 0.0220 0.0377 0.00596 


*Variance of percent change of relative price between gold and silver. 


for à? by sampling backward fifteen years 
and by sampling forward ten and fifteen 
years. The computed theoretical values of 
bond prices hardly vary with these changes 
in the method for computing estimates of A’. 
Based on estimates of A”, these computed 
values of the bimetallic bond prices are 
themselves estimates of the true bimetallic 
bond prices. All the series substituted in 
formula (4) are reported in Table 2. 


A. Potential Problems in Applying the 
Bimetallic Pricing Formula 


1. Options Excluded from the Pricing For- 
mula. The pricing formula for the dollar 
contract was derived from the assumption 
that only the bimetallic option was available 
for the debtor. In practice, several other 
options were available to the government in 
paying off its securities; and these may cause 
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the observed market prices to deviate from 
the computed theoretical prices. 

First, the government had the option of 
directly defaulting on its obligations. How- 
ever, this was an unlikely step for a govern- 
ment as well established as that in the United 
States in the nineteenth century. More likely, 
the government. would default indirectly 
either by devaluing the legal content of the 
dollar in terms of one or both metals or by 
adding a new overvalued legal tender. The 
U.S. government exercised both of these op- 
tions in the nineteenth century in the 1834 
devaluation and the 1862-78 addition of 
greenbacks as an overvalued legal tender. 
Neither of these changes affected the pay- 
ment streams of existing government debt. 
By 1834, the federal government had paid 
off the national debt, so the devaluation 
affected only private obligations. However, 
to the extent that the public anticipated fu- 
ture possible devaluations prior to 1834, the 
anticipated relative price movement of the 
metal content of the dollar would consist of 
the anticipated market movement of the rel- 
ative price of pure ounces of metal and 
anticipated movements in the legal ratio of 
silver to gold in the dollar. 

The greenbacks were made legal tender 
for all payments except interest payments on 
the public debt, and the government con- 
tinued to pay gold coin on its debt through- 
out the greenback. era. However, since the 
repayment of principal with Treasury notes 
was not explicitly prohibited, there was ex- 
tensive fear that the government would pay 
the principal in paper currency. This possi- 
bility ended in the March 1869 Public Credit 
Act, which assured future payment of prin- 
cipal in coin. From 1862 to 1869, however, 
the possibility of repayment in greenbacks 
forced high nominal yields on government 
debt and produced wide divergence between 
bimetallic security values and the actual 
prices of government debt. 

In most of its bonds, the U.S. government 
maintained a redemption option; typically, a 
contract stated that the bond was redeem- 
able at the option of the government after a 
given date. Rarely was there an explicit ma- 
turity. The existence of this feature made the 
duration of the payments stream uncertain 


DECEMBER 1986 


to the lender and may therefore have affected 
the price of the bond. However, since most 
bonds were issued at high wartime coupon 
rates, the government almost always re- 
deemed them immediately after reaching the 
contracted earliest redemption date. 

In a few issues, the government gave the 
lender a par convertibility option into other 
securities. The option could be exercised on 
demand or, in some cases, after a certain 
period of time. In addition, the government 
gave holders of certain securities an ex post 
convertibility option, although the option 
was not a feature of the written contract. 
Because of difficulties with pricing con- 
vertible securities, I have eliminated the 
contractually convertible bonds from the 
sample. 

An additional option of the government 
was the possibility of switching to a mono- 
metallic payment policy. Thus, it might have 
decided to continue delivering gold to pay 
off its debt even if silver became the over- 
valued metal. While this option would add 
to the cost of paying off the debt, it was the 
option actually exercised in the 1873 re- 
moval of the free coinage and legal tender 
status of silver; and it continued in force 
even after the restoration of legal tender 
silver dollars in 1878. 


2. Other Assumptions in the Pricing Formula. 
In deriving the pricing formula, I assumed 
that the yield on pure gold and silver loans is 
independent of the length of the loan. How- 
ever, the actual rates vary across observa- 
tions. Agents, accounting for this variation, 
would act so that realized prices would differ 
from the bimetallic formula’s prediction, as 
described above. Also, for the series on pure 
silver loans, I have used yields on the long- 
term bonds of Prussia through 1870; Prussia 
switched from a silver to a gold standard in 
the 1870's. These data may not represent the 
interest payments on pure silver loans if 
anticipations of a possible switch were built 
into the bond prices of the silver standard 
era. An additional problem with the British 
and Prussian yields arises from the option of 
these governments to redeem the bonds at 
par. For the British 3% Consols and the 
Prussian 4% loans, this would cause an over- 
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statement of the yield, especially. in the 
1840's. 

Finally, the pricing formula is based on an 
assumption that the relative price between 
silver and gold is exogenous to which metal 
circulates in the bimetallic country. How- 
ever, since some metal circulates as a medium 
of exchange, it is reasonable to presume that 
a switch in the circulating metal would feed 
back on the relative price. To avoid this 
problem requires a small country assump- 
tion for the bimetallic countries. 


B. Empirical Results: Realized Prices, 
Theoretical Prices, and the Value 
of the Bimetallic Option 


The period from 1818 to 1859 can be 
considered the heyday of the bimetallic dol- 
lar. Prior to 1818, the circulation of Treasury 
notes in the War of 1812 led to a suspension 
of specie payments and a divergence of the 
dollar from its metallic definition. By 1818, 
this divergence had terminated and the pos- 
sibility that the government might default on 
bonds disappeared. Also, Great Britain and 
Prussia were firmly attached to the gold and 
silver standard, respectively. From 1834 to 
1841, the government either had no debt at 
all or the debt consisted only of short-term 
notes for which no meaningful price quo- 
tations are available. By 1860, the credit of 
the country was in question, and from 1862 
to 1869, the public feared that the govern- 
ment would pay principal in greenbacks. The 
bimetallic standard free from fears of default 
was restored only from 1870 to 1873, but the 
bill to remove free coinage and legal tender 
status for silver as already moving through 
the Congress. l 

In Table 3, I report actual January prices 
and predicted bimetallic prices in dollars for 
23 different bond issues in the market from 
1818 to 1896. I present the characteristics of 
these bonds in Table 4. Table 3 reports the 
theoretical value in dollars which each bond 
would have if its promised payments were 
explicitly gold dollars. 

Finally, I report the dollar value of the 
bond’s bimetallic option relative to a pure 
gold standard, that is, the value of an option 
to deliver silver in exchange for gold. I com- 
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pute the option value by subtracting the 
bimetallic bond value from that of the gold 
bond. The option value represents the wealth 
transfer from a debtor to a creditor of a 
sudden switch from a bimetallic standard to 
a gold standard. For the period 1818-34, the 
option value produced theoretical discounts 
in dollar bonds of from 6 to 18 percent from 
the value of the gold bond. The 6 percent 
minimum discount represents the amount by 
which the gold dollar was undervalued at the 
mint at the time of the 1834 devaluation. For 
example, the 5% Loan of 1821 had an option 
value of 6.40 dollars at the time of its expira- 
tion in 1834; this amount is the value of an 
“in the money” option just before its expira- 
tion date. Discounts much above 6 percent 
occur early in the life of a bond and repre- 
sent the possibility that the value of silver 
may decline greatly during the remaining life 
of the loan. 

By the 1840’s, there had been a 6 percent 
devaluation of the gold dollar and large gold 
discoveries which guaranteed that gold would 
circulate as money. In this period, the option 
feature of the bimetallic contract was an 
“out of the money” option, so the option 
component produced a much lower per- 
centage discount from the value of a gold 
bond relative to the earlier period.’ 


C. Some Regression Results 


From the pricing relationships among the 
bimetallic bond, the gold bond, and the bi- 
metallic option emerges a regression equa- 
tion: 


(5) Bj, = 9 PGj, — $2 EG, + uj, 


where B,, PG, and EG, are the realized 
price, the gold bond value, and the value of 


12The Loans of 1842, 1847, and 1848 expired in 
1863, 1868, and 1868, respectively. The relatively high 
value of the option for these bonds reflects their long 
remaining lives and an apparent anticipated deprecia- 
tion of the relative price of silver. The anticipated 
depreciation is reflected in a positive yield differential 
between silver and gold loans. The shorter-term Loans 
of 1843 and 1846 had very low option values in this 
period. 
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TABLE 3— BOND Prices: ACTUAL, PREDICTED BIMETAL, OPTION VALUE, AND GOLD BOND 


Year Actual 
War Loan of 1812 
1819 99.5 
1821 106.5 
1822 105.5 
1823 102.5 
1824 102.3 
War Loan of 1813 
1819 99.4 
1821 107.5 
1822 106.3 
War Loan of 1814 
1821 107.5 
1822 108.0 
1823 106.0 
1824 105.0 
1825 106.5 
1826 101.3 
War Loan of 1815 
1819 100.3 
1821 109.0 
1822 111.5 
1823 108.0 
1824 108.0 
1825 111.5 
1826 102.3 
7% Stock of 1815 
1818 109.5 
1819 104.5 
1820 104.0 
1821 108.9 
1822 107.0 
1823 103.5 
1824 102.3 
5% Loan of 1820 
1821 102.5 
1822 109.0 
1823 106.0 
1824 106.5 
1825 110.3 
1826 100.0 
1827 109.3 
1828 108.8 
1829 101.6 
1830 100.0 
1831 101.0 
5% Loan of 1821 
1822 109.0 
1823 105.8 
1824 107.0 
1825 111.0 
1826 100.0 
1827 . 108.5 
1828 107.5 
1829 106.0 
1830 105.0 
1831 105.8 
1832 103.8 
1833 101.3 
1834 100.0 


Bimetal 


101.6 
100.8 


Option 


Gold 


111.0 
112.1 


Year Actual Bimetal 
4.5% Loan of 1824 (5/24/24) 
1825 105.5 100.2 
1826 98.8 99.0 
1827 102.0 99.7 
1828 100.5 100.4 
1829 98.5 101.5 
1830 101.3 100.3 
1831 102.3 100.2 
Exchange 4.5% Stock of 1824 
1825 >` 1050 100.2 
1826 97.8 98.8 
1827 102.3 99.6 
1828 103.0 100.5 
1829 101.0 102.3 
1830 102.5 100.5 
1831 103.5 100.7 
1832 100.3 100.4 
1833 100.1 100.4 
6% Loan of 1841 
1843 99.5 103.8 
5.5% Loan of 1841 
1843 98.3 102.9 
1844 100.0 101.6 
Loan of 1842 

- 1843 101.0 128.8 
1844 115.8 133.5 
1845 114.5 132.6 
1846 107.5 128.5 
1847 101.0 127.9 
1848 98.5 116.8 
1849 107.0 122.7 
1850 108.8 119.3 
1851 112.5 123.5 
1852 111.5 122.8 
1853 114.3 121.1 
1854 116.5 117.0 
1855 116.0 116.2 
1856 110.0 113.4 
1857 110.0 113.0 
1858 113.0 111.5 
1859 102.5 108.0 
Loan of 1843 
1844 103.6 111.1 
1845 103.0 111.0 
1846 98.5 108.5 
1847 91.5 108.3 
1848 91.5 102.6 
1849 99.3 105.1 
1850 100.1 103.6 
1851 102.0 104.3 
1852 100.9. 102.6 
1853 100.0 101.0 
Loan of 1846 
1848 96.8 111.4 
1849 104.5 114.8 
1850 106.5 112.0 
1851 107.0 114.0 
1852 105.0 112.0 
1853 108.5 110.3 


Option 


11.9 
9.4 
9.3 
6.9 
7.3 
8.1 
6.3 


14.0 
11.0 
10.6 
8.3 
8.4 
10.3 
7.4 
7.0 
8.2 


1.6 


DECEMBER 1986 


Gold 


112.0 
108.4 
109.0 
107.3 
108.8 
108.3 
106.5 


114.1 
109.7 
110.2 
108.8 
110.7 
110.8 
108.0 
107.4 
108.6 


105.4 


104.5 
102.4 


141.0 
141.1 
141.1 
136.6 
134.4 
128.4 
128.7 
130.6 
128.5 
126.8 
125.6 
121.3 
118.6 
115.5 
115.2 
112.8 
110.8 


115.4 
114.7 
112.0 
110.3 
107.2 
106.6 
106.2 
104.5 
102.8 


101.0 


118.8 
118.0 
118.0 
115.6 
113.3 
111.2 


(Continued) 
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TABLE 3—(Continued) 

Year Actual Bimetal Option Gold Year Actual Bimetal Option Gold 
1854 106.5 107.4 0.4 107.8 1783 119.1 130.6 3.8 134.6 
1855 102.0 105.0 0.1 105.1 1874 118.4 122.9 | 73 130.2 
1856 102.0 102.5 0.0 102.5 1875 118.3 123.8 6.2 130.0 
Loan of 1847 1876 119.6 118.1 10.4 128.4 
1848 99.3 120.4 14.7 135.0 1877 114.1 112.0 7.3 119.3 
1849 108.3 128.0 8.1 136.0 1878 106.6 98.4 13.0 111.4 
1850 111.0 124.1 15.4 139.4 1879 106.4 87.6 19.1 106.7 
1851 115.3 - 129.6 8.0 137.6 1880 104.3 91.3 13.0 104.2 
1852 116.3 129.9 6.3 136.2 1881 101.5 87.3 14.1 101.5 
1853 ` 119.8 128.0 7.3 135.8 5% Loan of 1881 

1854 121.1 122.7 8.1 130.8 1872 112.4 121.5 3.5 125.1 
1855 116.0 122.8 5.1 128.0 1873 115.1 122.5 3.7 126.1 
1856 116.3 119.6 4.9 124.5 1874 112.9 115.9 6.8 122.7 
1857 116.0 119.5 6.3 125.8 1875 113.8 117.4 5.9 123.2 
1858 112.5 118.9 4.8 123.7 1876 116.9 112.7 9.8 122.5 
1859 114.0 115.2 73 122.0 1877 112.0 107.7 6.9 114.6 
Loan of 1848 1878 105.3 95.4 12.3 107.7 
1849 109.0 128.4 8.4 136.8 1879 107.0 85.6 18.4 104.0 
1850 112.3 124.5 15.8 140.2 1880 103.4 89.8 12.5 102.3 
1851 115.4 130.2 8.3 138.5 1881 101.5 86.7 13.8 100.5 
1852 117.0 130.6 6.6 137.1 4% Loan of 1907 

1853 119.5 128.6 8.1 136.7 1878 101.8 88.8 26.6 115.3 
1854 121.3 123.2 8.5 131.6 1879 99.5 81.4 34.2 115.6 
1855 116.0 123.4 5:4 128.8 1880 103.0 87.0 29.8 116.8 
1856 116.3 120.2 5.2 125.3 1881 112.5 87.1 30.1 117.2 
1857 116.0 119.6 6.7 126.8 1882 117.6 90.2 27.3 117.5 
1858 112.0. 119.6 52 124.7 1883 119.5 86.5 33.8 120.2 
1859 111.0 115.8 7.7 123.5 1884 123.8 86.7 35.9 122.6 
Mexican Indemnity Stock 1885 121.8 85.3 36.0 121.3 
1850 100.8 102.4 1.2 103.6 1886 123.0 78.7 40.7 119.3 
1851 98.0 101.8 0.0 101.8 1887 127.5 76.8 43.8 120.6 
Loan of 1858 1888 126.0 75.7 46.1 121.9 
1859 104.3 110.6 11.7 122.4 1889 126.0 71.8 45.8 117.6 
1866 96.5 155.6 2.8 158.4 1890 126.3 75.2 44.0 119.2 
1867 102.5 143.7 44 148.1 1891 121.0 84.2 33.7 117.9 
1868 108.0 140.6 5.3 145.9 1892 117.0 15.4 42.9 118.3 
1869 115.0 138.5 14 145.8 1893 113.5 66.2 51.6 117.8 
1870 110.0 125.0 4.7 129.7 1894 113.0 55.0 63.0 118.1 
1871 105.0 115.8 0.5 116.3 1895 113.3 53.7 64.5 118.1 
Loan of July and August, 1861 1896 110.0 52.9 65.2 118.2 
1868 109.6 158.6 14.1 172.7 Loan of 1904 

1869 112.3 151.0 21.8 172.7 1895 117.0 57.4 64.3 121.7 
1870 117.8 135.9 17.5 153.4 1896 113.3 56.2 64.2 120.4 
1871 110.9 130.8 6.6 137.4 Loan of 1925 

1872 115.6 126.2 7.9 134.1 189% 116.3 53.8 84.5 138.4 





the option to acquire a unit of silver in 
exchange for a unit of gold, respectively, of 
bond jat time t. If the option features other 
than the bimetallic option are of minor im- 
portance in determining the bond’s market 
value, then $; =¢,=1. Carrying out an 
ordinary least squares regression for: a 


first-differenced version of equation (5) for 


all bond prices observed for the periods 


1818-34, 1842-59, and 1818—59, I report the 
results in Table 5. 

For all the gold bond-gold option esti- 
mates, the coefficients of the exchange 
options differ significantly from predicted 
values. This divergence of the parameter 
estimates from the theoretical predictions is 
not atypical of results in the empirical op- 
tions pricing literature. For example, Gay 
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TABLE 4—-CHARACTERISTICS OF BONDS IN THE SAMPLE 


Name Cou- 
of pon Payment Date 
Bond Rate? Period Redeemable 
7% Stock of 1815 7 Quarterly January 1825 
War Loan of 1815 6 Quarterly January 1827 
War Loan of 1812 6 Quarterly January 1825 
a. 6% Loan of 1812 
b. Exchanged 6% 
Stock of 1812 
War Loan of 1813 6 Quarterly ` January 1823 
a. 16 Million Loan 
of 1813 
b. 6 Million Loan 
of 1813 
c. Undesignated 
Loan of 1813 
War Loan of 1814 6 Quarterly January 1827 
a. 10 Million Loan 
of 1814 
b. 6 Million Loan 
of 1814 
c. Undesignated 
Loan of 1814 
5% Loan of 1820 5 Quarterly January 1832 
5% Loan of 1821 5 Quarterly January 1835 
4.5% Loan of 1824 4.5 Quarterly January 1832 
(5/24/24) 
Exchange of 4.5% 

Stock of 1824 4.5 Quarterly January 1834 
5.5% Loan of 1841 5.5 Quarterly January 1845 
6% Loan of 1841 6 Quarterly January 1845 
Loan of 1842 6 Semiannual January 1863 
Loan of 1843 5 Semiannual January 1853 
Loan of 1846 6 Semiannual December 1856 
Mexican Indemnity 

Stock 5 Semiannual January 1852 
Loan of 1847 6 Semiannual January 1868 
Loan of 1848 6 Semiannual July 1868 
Loan of 1858 5 Semiannual January 1874 
Loan of July and 

August, 1861 6 Semiannual July 1881 

(Includes Loan 

of 1863) l 
5% Loan of 1881 5 Quarterly April 1881 
4% Loan of 1907 4 Quarterly July 1907 
Loan of 1904 5 Quarterly January 1904 
Loan of 1925 4 Quarterly January 1925 


*Shown in percent. 


and Manaster, in regressions of futures prices 
on current wheat prices plus storage costs 
and on the delivery quality option value, find 
that their estimates diverge significantly from 
the theoretical prediction. In the bimetallic 
case, other option features may have been 
important in these bonds in the pre-Civil 
War period. Alternatively, a bias built into 
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TABLE S—RELATION OF BOND PRICE TO GOLD BOND 
AND GOLD EXCHANGE OPTION PRICES? 


Period $i by R? Observations 
1818-34 45 = .22 12 56 
23) 2 
1842-59 61 51 18 56 
23)  ü8 ' 
1818-59 61 28 12 110 
(16) (14) 


*Standard errors are shown in parentheses. 


TABLE 6— RELATION OF BOND PRICE TO GOLD BOND 
AND GOLD EXCHANGE OPTION PRICES 
5% LOAN OF 1821 AND LOAN OF 1842* 


Period CA $ R? Observations 
1822-34 .86 .09 AT 12 
(59) (53) 
1842-59 72 92 33 16 
(48) (42) 
1822-59 86 63 24 28 
(36) G) 


“Standard errors are shown in parentheses. 


the option value estimate may affect the 
results. 

Finally, since many bond observations are 
drawn from the same years, the disturbances 
in (5) will covary across bonds. To address 
this problem, I have isolated the observa- 
tions from the 5% Loan of 1821 and the 
Loan of 1842 and repeated the estimation 
procedure reported in Table 5 for these bonds 
alone. I have selected these loans because 
each provided the longest time-series of price 
observations for any single bond in the peri- 
ods 1818-34 and 1842-59, respectively. Ta- 
ble 6 contains the parameter estimates for 
these bonds. 


3Since they are nonlinear functions of the unbiased 
estimates, the bimetallic bond estimates are generally 
biased, as shown by John Butler and Barry Schachter 
(1983a,b; undated). Typically in the options pricing 
literature, no correctives are applied to remove the bias. 
Though Butler and Schachter have provided such a 
corrective, I have not applied it at this stage, so the 
results reported in this section, though consistent with 
standard practice in the options pricing literature, are 
biased. 
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TABLE 7—HOMER’S REPORTED YIELDS AND YIELDS CORRECTED FOR OPTION FEATURE 


Prussian 
Year 3% Consols Loans 
1850 3.11 4.10 
1851 3.09 3.99 
1852 3.02 3.76 
1853 3.07 3.82 
1854 3.27 4.21 
1855 3.31 4.10 
1856 3.22 4.15 
1857 3.27 4,23 
1858 3.10 4.15 
1859 3.15 4.29 


U.S. Loan Value of 
of 1848 1848 Silver 
1848 Gold Silver Option 
4.58 3.53 4.68 0.05 
4.47 3.88 4.78 1.04 
4.39 3.90 4.59 1.02 
4.02 3.43 4.33 0.89 
414 — 3.47 4.51 0.80 
4.18 3.77 4.54 1.22 
4.11 3.64 4.47 1.09 
4.30 3.65 4.81 0.87 
4.32 3.76 4.76 0.78 
4.72 3.81 4.94 0.24 





Source: For the second, third, and fourth columns, Homer, Tables 19, 32, and 41. 


For these loans, F-tests of the parameter 
restrictions support the hypothesis that ¢, = 
¢,=1 at standard significance levels. The 
difference from the previous results arises 
primarily because of a doubling in the stan- 
dard errors of the parameter estimates, 
though the point estimates of the parameters 
are closer to the theoretical value of unity. 


IV. Cross-Country Comparisons 
of Antebellum Yields 


The results of Sections II and III are 
useful in addressing a line of research 
on comparative technological development 
whose conclusions hinge partly on cross- 
country comparisons of yields on antebel- 
lum securities. Following up on the work of 
H. J. Habakkuk (1962), Peter Temin (1966) 
examined the apparently greater use of 
labor-saving machinery in the United States 
relative to that in Great Britain during the 
1850’s. Choice of a capital-intensive tech- 
nique would follow from a higher wage- 
rental ratio within the same technology or 
from a different technology in which capital 
was relatively more productive in the United 
States. Based on observations in Homer of 
higher yields on securities in the United 
States, Temin argued that the wage-rental 
ratio was actually higher in Great Britain. 
Therefore, the observed relative factor inten- 
sities conflicted with an assumption that both 
countries had access to the same technology. 

Edward Ames and Nathan Rosenberg 
(1968) and Alexander Field (1983) devel- 


oped this cross-country comparison by con- 
sidering more refined production technolo- 
gies while accepting the claim that a higher 
observed yield in the United States was asso- 
ciated with a higher cost of capital. Paul 
Uselding (1972) and V. Kerry Smith (1978) 
turned in the direction of estimating sophis- 
ticated antebellum production functions for 
the United States alone, but they both treated 
observed U.S. yields as pure interest rates. 

However, since dollar securities contained 
an option feature not contained in sterling 
securities, otherwise identical debt contracts 
in the different nominal units should have 
commanded different prices. For the simple 
case of a pure discount loan, the bimetallic 
pricing equation (2b) indicates that the price 
of the dollar loan equals the price of the 
sterling loan less the value of the option to 
pay silver instead of gold. Since the live 
option always has a positive value, dollar 
loans must command lower market price in 
gold than sterling loans, even if yields on 
pure gold loans in the two countries are 
identical. By the same logic, a dollar loan 
should command a lower price than a pure 
silver loan. 

These implications are supported by evi- 
dence reported in Table 7. The second, third, 
and fourth columns are Homer’s reported 
yields from the 1850’s on British 3% Con- 
sols, Prussian loans, and the U.S. Loan of 
1848, respectively. Historians have interpre- 
ted these data as signals of a higher capital 
cost in the United States than in Great Brit- 
ain. In computing the yields, Homer assumes 
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that the foreign loans were perpetuities, but 
he calculates yields to maturity for the U.S. 
loans. The reported yields are annual aver- 
ages. 

A gold bond with characteristics otherwise 
identical to the Loan of 1848 should have a 
value equal to that of the bimetallic bond 
plus the value of the gold option. For each 
year, I have converted Homer’s U.S. bond 
yields into the implied market price and 
added the computed values of the gold op- 
tions for the Loan of 1848 from Table 3.'* 
This produces an estimate of the market 
price of a Loan of 1848 payable in gold, 
assuming that U.S. and British gold yields 
and U.S. and Prussian silver yields are iden- 
tical. Next, I converted these price estimates 
into yields to maturity, producing a series 
labelled 1848 Gold on U.S. gold yields re- 
ported in the fifth column of Table 7. 

The U.S. yields corrected for the bi- 
metallic option are much closer to British 
yields than are Homer’s yields. In one case, 
the U.S. yield falls by more than 100 basis 
points. For the decade of the 1850's, average 
British yields were 3.16 percent. The uncor- 
rected and corrected average U.S. yields were 
4.32 and 3.68 percent, respectively. The un- 
corrected yield differential is 116 basis points, 
and the corrected yield differential is 52 
basis points. The bimetallic option accounts 
for more than one-half the yield differential. 

If the Loan of 1848 had promised to pay 
only silver, its value could be estimated by 
adding the value of the silver option (in 
gold) to the market price implied in Homer’s 
yields. Dividing this sum by the market price 
of the silver dollar, P,(t), produces the silver 
price of the U.S. silver bond. Table 7 con- 
tains computations of the gold value of the 
silver options for the Loan of 1848; and the 
column “1848 Silver” contains the corrected 
yields of the Loan of 1848 payable in silver.!° 


14 The option values were calculated based on gold 
and silver yields observed in January. Since Homer’s 
yields were annual averages, some discrepancy may 
arise. 

15] computed the silver option value as follows. First, 
I discounted the remaining payments stream of the 
Loan of 1848 with the Prussian yield from Table 2 and 
multiplied by P,(t)., This produced the gold value of the 
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I constructed these yields in a manner analo- 
gous to that of the corrected gold yields, 
converting the silver price of the silver Loan 
of 1848 into a yield to maturity. Because of 
the low value of the silver option in the 
1850’s, the corrected silver yields, though 
somewhat higher, are much closer to Homer’s 
reported yields than are the corrected gold 
yields. The increase in yield results mainly 
from the conversion from gold to silver units, 
since P.(t) exceeds unity in this period. For 
the 1850’s, Prussian bond yields averaged 
4.08 percent. The corrected U.S. silver bond 
yield averaged 4.64 percent, an increase of 
32 basis points from the uncorrected average 
yield. The differential between U.S. and 
Prussian silver yields averaged 56 basis 
points during the decade, compared to the 
52 basis-point differential between U.S. and 
British gold yields. 


V. Option Values and the Silver Agitation 


By 1873, even after a rapid depreciation of 
silver, the option feature of the bimetallic 
bond was still “out of the money.” For the 
Loan of 1858, redeemed before the 1873 
demonetization of silver, little value was at- 
tached to the silver delivery option. Even the 
longer-term loans, such as the Loan of July 
and August, 1861 and the 5% Loan of 188], 
have bimetallic option values in the early 
1870’s comparable to those prevailing in the 
1840’s when there was little chance of ex- 
ercise. 

Using the bimetallic option values associ- 
ated with these loans, we can estimate the 
magnitude of the transfer from debtors to 
creditors generated by the termination of 
free coinage of silver in 1873. For the Loan 
of July and August 1861, I calculated that 
the value of the option to deliver silver was 
3.80 dollars. Using the theoretical bimetallic 
bond value of 130.60 dollars, the transfer 
from the debtor was 2.9 percent of the value 





Loan of 1848 as if it were a silver bond, assuming that 
the U.S. silver yield equalled that of Prussia. Subtract- 
ing the theoretical bimetallic bond values in gold re- 
ported in Table 3 from this silver bond value produces 
the gold value of the silver option implicit in the bond. 
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of the bond. Using the actual bond value of 
119.10 dollars, the transfer from the debtor 
- was 3.2 percent of the value of the bond. 
This is of the order of magnitude of one 
year’s interest payment. Repeating the com- 
putation for the 5% Loan of 1881 yields 
similar results. 

This computation of the extent of the 
transfer may be misleading because of the 
wide divergence of the theoretical bimetallic 
bond price from the actual market price in 
1873. This divergence signals that the simple 
pricing formula does not capture some im- 
portant features of the bond. For example, 
doubt about the resolve of the government 
to avoid paying off its debt in greenbacks 
would cause the theoretical dollar price of 
the bimetallic bond to exceed the observed 
price. 

From the spreads between the theoretical 
prices of the gold bonds and the actual 
prices of the dollar bonds, an alternative 
method of estimation of the value of the 
option in 1873 is available. For the Loan of 
July and August 1861, the spread declined 
‘from 15.50 dollars in 1873 to 11.80 dollars in 
1874. Attributing this decline to the remov- 
al of the option yields an option value of 
3.70 dollars in 1873. Thus, the transfer was 
3.1 percent of the actual value of the bond. 
For the 5% Loan of 1881, the transfer was 
1 percent. 

Only by the late 1870’s, with the con- 
tinued decline in silver, did the option value 
associated with a restored bimetallic stan- 
dard rise to unprecedented levels. By this 
time, the dollar was de facto a gold dollar, as 
evidenced by the near equality between the 
realized bond values and the gold bond val- 
ues. This equality emerges for the first time 
in the entire sample in the late 1870’s. The 
bimetallic option values are indicative of the 
magnitude of the transfer from creditor to 
debtor which would have occurred with the 
reintroduction of free coinage of silver. By 
the 1890’s, the potential transfer reached 
levels exceeding 50 percent of the realized 
value of the bonds. Indeed, simply compar- 
ing the market price of silver to the legal 
silver content of the dollar would indicate 
the potential transfer to debtors of a return 
to free coinage of silver, since the option was 
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very much in the money by 1890. The rapidly 
increasing potential transfer parallels the in- 
creasing intensity of the silver agitation, 
which reached its peak in the mid-1890’s. 


VI. Conclusion 


Having provided methods for pricing a 
wide variety of previously inaccessible assets, 
finance theory has led more or less naturally 
to the description of numerous contracts or 
institutions as essentially options. Though 
overlooked by modern analyses of bimetal- 
lism, the option of which metal to deliver 
encompasses the fundamental aspect of the 
bimetallic standard; and proponents of bi- 
metallism in the nineteenth century re- 
cognized the central importance of the op- 
tion to the system. The pricing of bimetallic 
securities provides a natural application of 
option pricing methods. Pricing the option 
feature of such contracts opens several issues 
to examination. First, one can easily show 
that antebellum international yield compari- 
sons, used often in research on the nature of 
nineteenth-century production functions, are 
misleading because of the different nature of 
otherwise similar securities in bimetallic and 
monometallic standards. Second, the value 
of the option provides a measure of the 
magnitude of transfer from debtor to credi- 
tor of a switch from a bimetallic to a gold or 
silver standard. 


DATA APPENDIX 


I have used several price and yield series in comput- 
ing the dollar contract prices in the text. In particular, I 
employ series on both the market nominal prices of and 
the relative price between the quantities of gold and 
silver legally contained in the dollar. In addition, I have 
used yield series on bonds requiring the delivery of only 
gold or only silver. Here I describe the construction of 
these series. 


The Ratio of Fine Ounces of Gold 
to Fine Ounces of Silver 


From 1800 to 1817, I used annual average ratios of 
nominal gold to nominal silver prices, as reported in 
Laughlin (p. 290). These were market ratios gathered by 
Soetebeer from trading in Hamburg. 

From 1818 to 1896, I used the nominal prices of 
standard gold and standard silver in London in early 
January, as reported in The London Times through 1844 
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and in The Economist, 1845-96. The silver prices for 
1824 and 1825 were taken from Thomas Tooke (1838, 
p. 385). I have used London rather than New York 
prices because of the greater standardization of the 
metals which were traded in London. Throughout the 
century, London was the central market for silver. 
Weekly New York prices for American gold coin, 
Spanish gold doubloons, and Spanish silver dollars are 
available from 1817 in the New York Commercial. How- 
ever, as discussed in government papers written by 
Treasury Secretary Ingham in 1830 (see U.S. Senate, 
Executive Document No. 58, 1879, pp. 558-84) recom- 
mending the use of London prices to gauge the market 
ratio between gold and silver, the weights of the coins 
traded in New York varied sufficiently that one can 
place no faith in their consistency. By the time of the 
Civil War, the New York gold market had become an 
active and accurate indicator of the market price of 
standard gold. Also, by the 1870s, accurate silver 
prices are available from New York trading. However, 
to maintain consistency, I use the London prices 
throughout. Since most government bond prices were 
taken from mid-January or later, I chose early January 
gold and silver prices to allow for the transmission of 
information about metal price movements to New York. 

To begin the construction of the series, let pj and p; 
represent the nominal price in pence of an ounce of fine 
gold and silver, respectively. From 1822 onward, Great 
Britain maintained a gold standard in which one ounce 
of gold, 11/12 fine, had a nominal value of 934.5 pence. 
Since a standard ounce of silver was 37/40 fine, Laugh- 
lin (p. 295) provides a formula for producing the market 
ratio of the number of ounces of fine silver to an ounce 
of fine gold: p,/p;=943/x where x is the current 
price of standard silver in pence. 

For 1818-21, the nominal price of gold varied, and 
there was no direct market quote for standard gold. 
However, The London Times provided prices for “ For- 
eign Bar Gold.” I presumed that foreign bar gold was 
standard gold. The price of standard gold multiplied by 
12/11 is the price of fine gold, that is, p; = [(Foreign 
Bar Price in Pence)]X12/11. Then the fatio of fine 
silver to fine gold for 1818-21 is p, Z. Ps = pg /[x 40/37]. 
I will refer to an element of this series as q,. 


The Nominal Values of the Gold and Silver Content 
of the Dollar 


From the q, series, I computed the nominal prices B, 
and Ê of the legal amount of gold and silver in the 
dollar, respectively. For the entire sample, the legal 
silver content of the dollar was .7733 fine ounces. 
Through 1834, the legal gold content of the dollar was 
24.75 grains or .0515625 fine ounces. From 1835 to 
1837, the legal gold content was 23.2 grains or .048333 
fine ounces; and from 1838 onward, the legal gold 
content of the dollar was 23.22 grains or .048375 fine 
ounces. 

Until 1834, silver was overvalued at the mint, so 
silver coins circulated in payment of dollar obligations. 
The nominal price of the silver dollar, P., was therefore 
one dollar; and the nominal value of an ounce of fine 
silver was 1.293 dollars. The nominal value of the gold 
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dollar can be determined from the market relative price 
between gold and silver, the nominal price of silver, and 
the gold content of the dollar. Through 1834, Ê, =1.293 
X q, X -0515625 = 0.06667q,. 

From 1835 to 1861, the gold dollar circulated as 
money, so the nominal price of the gold dollar was one 
dollar. From 1835 to 1837, the nominal price of a fine 
ounce of gold was therefore 20.689669 dollars; while 
from 1838 to 1861, the nominal value of a fine ounce 
was 20.671835 dollars. The nominal value of the silver 
content of the dollar was P, = 20.6897(.7733)/q, = 
16./q, from 1835 to 1837; and from 1838 to 1861, 
P, = 20.67184(.7733)/g, =15.9855/4,. 

From 1862 to 1878, greenbacks were delivered in 
payment of dollar contracts (except government debt 
payment and explicit gold loans). However, an active 
gold exchange began in January 1862, so the nominal 
market price of the gold dollar P, is directly available 
on a daily basis for this period. I have taken price 
data from Wesley Mitchell (1903) and Commercial 
and Financial Chronicle to coincide with the dates for 
which bond prices are reported. The nominal price 
of the silver dollar is P, =.7733P a / (048375 q,) = 
15.9855P, /q,. 

From £1879 to 1896, gold again circulated so the 
nominal price of the gold dollar was one dollar and that 
of the silver dollar was P, =15.9855/q,. For the period 
1818-96, I report the nominal prices of the gold and 
silver content of the dollar in Table 2. 


Bond Prices and Characteristics 


For the prices of U.S. government bonds from 1818 
to 1859, I have used January price quotes from New 
York Commercial with a few exceptions. For the 1819 
prices of the War Loans of 1812, 1813, and 1815, I used 
Grotjan’s Philadelphia Public Sale Reports’ listings for 
the Baltimore Stock Market for January 18, 1819. I used 
the Saturday Evening Post (Philadelphia) for Phila- 
delphia dealers’ quotes for Mexican Indemnity Stock 
(January 19, 1851) and for 1855-57 quotes for the 
Loans of 1842, 1846, 1847, and 1848. From 1866 to 
1896, I have used January price quotes from Commer- 
cial and Financial Chronicle. When quotes were listed as 
a bid-asked spread, I let the average represent the price. 
Since some outstanding securities were not listed every 
day, I could not always employ price quotations from 
the same day. Most often, I used prices in the middle of 
January, but for some issues in some years, I had to 
employ price information from the end of January or 
the beginning of February. In Table 3, I list the prices 
of some bonds used in the sample years. In Table 4, I 
list the coupon and redemption characteristics of these 
bonds; this information was taken from R. A. Bayley 
(1881) and William DeKnight (1900). 

I did not include every bond issued as part of the 
sample For some issues the repayment period was com- 
pletely at the discretion of the government, so they were 
hard to price. Therefore, I did not include such loans as 
the 5.5% Stock of 1795, the 4.5% Stock of 1795, the 
Navy 6% Stock, The Converted 6% Stock of 1807, the 
Temporary Loan of 1812, the Mississippi Stock, the 5% 
Loan of 1816, and the Bounty-Land Scrip. For Treasury 
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notes, the issue and redemption dates were uncertain, so 
I could not interpret the nature of the payment stream 
represented by a given price. Thus, I had to eliminate 
short-term debt issued in the War of 1812, the 1837-40 
depression, the Mexican War, and the Civil War from 
the sample. Also eliminated are the 5—20’s of the Civil 
War, the Consols of 1865, and the Consols of 1868 
because of the uncertain redemption time associated 
with these issues. Finally, the 7—30’s of 1864 and 1865 
were eliminated because they contained a contractual 
convertibility feature and because they were payable in 
greenbacks. Included in the sample are 23 of-the ap- 
proximately 125 government securities issued between 
1790 and 1895. 

To derive the yield on a pure gold loan, I used the 
early January London ex-coupon prices of 3% Consols 
from 1818 to 1882. I found these prices in issues of The 
London Times from 1818 to 1845 and in The Economist 
from 1846 to 1882. After 1882, I used the London prices 
of 2.5 percent annuities as reported in The Economist to 
compute the gold loan yield because the consol price 
was affected by an increasing probability of par re- 
demption as the market yield declined. See Homer 
(pp. 192-200) or Fenn (pp. 24—30) on this issue. 

To derive the yield on pure silver loans, I used the 
prices of Prussian bonds from 1818 to 1870, a period 
when Prussia was on a pure ‘silver standard. These 
yields are available in Julius Kahn (1884, pp. 209-12). 
From 1818 to 1843, I used the end of December prices 
for 4 percent government bonds to derive silver yields 
applicable to January of the next year. From 1844 
through 1868, I used end of December prices for 3.5 
percent government bonds. For the 1870 yield, I used 
the March 30, 1870 price of 4 percent bonds because of 
the termination of the 3.5 percent price series. 

Since India was also on a silver standard until it 
shifted to a gold standard in 1894, I used the yield on 
rupee bonds to represent the silver loan yield for 
1871-93. For 1894-96 yields, I simply used the rupee 
yield of 1893. India shifted from a bimetallic to a silver 
standard in 1835. However, since India was governed by 
the East India Company, rupee bonds were not traded 
in London. The only official external borrowing was 
represented by the sterling denominated debt of the 
East India Company. With the rebellion of 1857, the 
East India Company was replaced by the Imperial 
Government as the Government of India, and im- 
mediately this government began to finance itself by 
selling securities in London. Since the Government of 
India was a creature of the British government, its debt 
was considered almost as secure from default as British 
government debt. 

Indian debt was mainly denominated in sterling, but 
a large amount of rupee paper traded in London. A 
category of rupee debt called “Enfaced Paper” was the 
most regularly quoted in the London Markets. The 
rupee coupon and principal of Enfaced Paper was pay- 
able in London as a rupee draft on Calcutta. The most 
often quoted of the Enfaced Paper was the 4% Enfaced 
Paper. Since after 1879 this instrument was payable on 
three months notice, it was comparable in its option 
features to the British 3% Consols. The Economist con- 
tains prices of 4% Enfaced Paper, which I used to 
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compute silver yields. The gold and silver yields for 
1818-96 are reported in Table 2. 
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Is Increased Price Flexibility Stabilizing? 


By J. BRADFORD DE LONG AND LAWRENCE H. SUMMERS* 


This paper uses John Taylor’s model of overlapping contracts to show that 
increased wage and price flexibility can easily be destabilizing because of the 
Mundell effect. While lower prices increase output, the expectation of falling 
prices decreases output. Simulations based on realistic parameter values suggest 
that increases in price flexibility might well increase the cyclical variability of 


output in the United States. 


Most economists would answer the ques- 
tion posed in our title affirmatively. It is 
certainly true that if prices were completely 
inflexible, markets could never equilibrate to 
changing conditions. And given a dis- 
turbance in nominal aggregate demand, 
“more flexible” prices imply that more of 
the disturbance is absorbed as a change in 
the price level, leaving less to appear as a 
cyclical movement in production. Considera- 
tions along these lines have led to a 
widespread belief that an excessively high 
degree of wage and price inflexibility is re- 
sponsible for cyclical fluctuations in employ- 
ment and output. 

This paradigmatic belief—that the magni- 
tude of the business cycle depends largely 
on the degree of institutional wage rigidity 
—is institutionalized by the pedagogical 
Style of many macroeconomics courses. At 
some point a “classical” aggregate supply 
curve generated by complete price flexibility 
and atomistic markets, is counterposed to 
a “Keynesian” aggregate demand-aggregate 
supply model, where the short-run aggregate 
supply curve is infinitely price elastic be- 
cause nominal wages are assumed fixed. 
The teacher then demonstrates that in the 
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classical model a monetary (or any other 
nominal) shock has no real effects on output 
because the aggregate price level adjusts to 
clear all markets, and, in the Keynesian 
model, a monetary shock has real effects 
because quantities adjust. The message car- 
ried away is that the crucial market failure 
generating business cycles is the existence of 
sticky nominal wages: if only the labor 
market were fully competitive and flexible, 
then business cycles would be much smaller. 
This view suggests the desirability of any 
possible policy measures which increase wage 
and price flexibility. 

This message is too simple. We believe, as 
we argued in our forthcoming paper, that the 
sign of the macroeconomic. consequences of 
increased aggregate price flexibility is not a 
settled issue. We think that the question “is 
increased price flexibility stabilizing?” is—or 
should be—kept open, and there is a real 
chance that aggregate price flexibility would 
be destabilizing at the margin given the 
present structure of the American economy. 

The view that price level flexibility can be 
destabilizing has been expressed many times. 
Irving Fisher (1923, 1925) saw the business 
cycle as “largely a ‘dance of the dollar’ ”: 
expected deflation led to high anticipated 
real interest rates, little investment, and low 
output. If the money supply were manipu- 
lated to stabilize the price level—said Fisher 
—much of the business cycle would disap- 
pear, for 


what concerns business is not whether 
prices are high or low but whether they 
are rising or falling. Thus rising prices 
stimulate business because the prices a 
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producer can get outrun his expenses 
for interest rent, salaries, and wages, 
while falling prices depress trade 
.-.[W]e find that this one element, 
rapidity of price movement, during the 
period 1914-1922 seems to account, 
almost completely, for the ups and 
downs of business. [1923, p. 1027]. 


Keynes argued in his chapter 19 that it 
was preferable in a gathering recession to 
increase real balances by printing money 
rather than by helping along the decline in 
prices, because 


it would be much better that wages 
should be rigidly fixed and deemed 
incapable of material changes, than that 
depression should be accompanied by 
a gradual downward tendency of mon- 
ey-wages, a further moderate wage 
reduction being expected to signalize 
each increase of, say, one percent in 
the amount of unemployment. For 
example, the effect of an expectation 
that wages are going to sag by, say, two 
percent in the coming year will be 
roughly equivalent to the efféct of a 
rise of two percent in the amount of 
interest payable for the same period. 

[p. 265] 


And, according to Lars Jonung (1981), the 
Swedish Central Bank’s attempt to adopt a 
price-stability rule for the conduct of mone- 
tary policy greatly insulated Sweden from 
the Great Depression. 

More recently, James Tobin (1975) has 
stressed the potential role of destabilizing 
deflation in creating a situation in which 
there is “protracted unemployment which 
the natural adjustments of a market econ- 
omy remedy very slowly if at all” (p. 200). 
He argues that “even with stable monetary 
and fiscal policy, combined with price and 
wage flexibility, the adjustment mechanisms 
of the economy may be too weak to eliminate 
persistent unemployment” (p. 200), because 
the destabilizing price change effect on ag- 
gregate demand may well swamp the stabi- 
lizing price level effect. 

In our forthcoming paper, we noted that 
the increasing degree of nominal rigidity in 
the U.S. economy over the past century had 
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coincided with a dramatic decrease in the 
cyclical volatility of economic activity. This 
observation tends to bely explanations of 
cyclical fluctuations based on nominal rigidi- 
ties. We presented models with backward- 
looking expectations, in which marginal in- 
creases in aggregate price flexibility were 
destabilizing, in the sense that they increased 
the steady-state variance of output in re- 
sponse to independent stochastic shocks. We 
conjectured that the same property—de- 
stabilizing price flexibility—would hold true 
in at least some models with fully rational 
expectations.! 

This paper presents such a model. We take 
John Taylor’s 1979 and 1980 macroeconomic 
model with staggered labor contracts and 
modify it so that (a) it produces persistent 
fluctuations of output in response to macro- 
economic demand shocks, and (b) it allows 
anticipated changes in the price level to affect 
the level of real aggregate demand through 
effects on real interest rates or the distribu- 
tion of wealth. Solving the model numeri- 
cally, we find that for a wide range of 
parameter values, an increase in the re- 
sponsiveness of wages to excess demand or 


“supply in the labor market leads to an in- 


crease in cyclical variability as measured by 
the steady-state variance of output. 

The paper is organized as follows: Section 
I describes our modifications of the Taylor 
model and shows that increasing the flexibil- 
ity of prices may well be destabilizing in our 
modified model. Section II verifies the 
robustness of this result by examining mod- 
ifications of the time structure of contracts. 
We are able to verify that the volatility of 
output ultimately declines as the wage-price 
process approaches perfect Walras-like flexi- 
bility. But this limiting result is very mislead- 
ing as a guide to marginal changes in price 
flexibility that start from current levels. Sec- 


1 Bennett McCallum (1983) presents a model in which 
price flexibility is never destabilizing. Our conjecture 
has also been challenged by Robert Driskill and Steven 
Sheffrin (1986). For reasons discussed below, we believe 
that their model does not provide a satisfactory frame- 
work for examining the issue of destabilizing price 
flexibility. 
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tion III considers supply shocks and shows 
that our conclusion that price flexibility can 
be destabilizing holds for situations in which 
there are a mixture of supply and demand 
shocks. Section IV generalizes the analysis 
by allowing aggregate demand to depend on 
both Tobin’s q and the rate of deflation as 
well as the real interest rate. The former 
generalization tends to increase the stabiliz- 
ing character of price flexibility while the 
latter reduces it. Section V concludes the 
paper by discussing some empirical observa- 
tions supporting our analysis and discussing 
directions for future research. 


I. Wage Rigidity and Output Volatility 


Taylor (1979 for the intuitive, simplified 
version; 1980 for the full model and ex- 
tensions) set forth the following simple mac- 
roeconomic model to illustrate how the 
asynchronization of nominal price-setting 
decisions can have important aggregate 
effects: 


(1) y,=m,-p,t+v, aggregate demand 
(2) m,= hp, 
(3) P,=-5(w,+W,-1) 


definition of price level 


money supply rule 


(4) w,=.5w, 1 + SE, Wa 
+ g(.5E, 1), + -5E, rai) + €, 
wage-setting equation 


where e, and v, are stochastic shocks. 
Equations (1) through (3) are completely 
standard. Equation (1) says that with vari- 
ables in logarithms, output y, is equal to 
money balances m,— p, plus a white-noise 
velocity shock v, Equation (2) asserts that 
the monetary authority partially accommo- 
dates increases in the price level by increas- 
ing the nominal money supply in the propor- 
tion h. Equation (3) defines the aggregate 
price level. Taylor supposes that workers 
negotiate two-period fixed nominal wage 
contracts. The aggregate price level in period 


DE LONG AND SUMMERS: INCREASED PRICE FLEXIBILITY 1033 


t is simply the average of the two different 
contracts in force at that moment—the con- 
tract which begins in period ż—1 and the 
contract which begins in period t. Each con- 
tract covers half of the labor force, and w, is 
defined as the (log of the) wage paid in 
periods ¢ and ¢+1 to those workers whose 
contract is negotiated at the end of t—1. 

Equation (4) contains the heart of the 
model. The contract wage w, is set as the 
average of the contract wages w,_, and the 
expected contract wage w,,,—the average 
of the wages of those contracts which over- 
lap the periods covered by the contract which 
pays w,—adjusted for excess demand or 
supply in the labor market through the terms 
containing E,_,y, and E,_,),4,. The “E,_,” 
appears because the contract is negotiated 
before the realization of period t’s shocks. 
The parameter g represents the degree of 
wage flexibility: the higher is g, the greater is 
the response of wages to anticipated demand 
conditions. 

Recent research, George Akerlof and Janet 
Yellen (1985), N. Gregory Mankiw (1985), 
and Olivier Blanchard (1985), suggests that 
contracts of the type envisioned by Taylor 
can be justified on microeconomic grounds. 
The private loss from such arrangements is 
second-order, relative to the social conse- 
quence which is first-order. In the presence 
of small transactions costs, firms and workers 
may therefore enter into such contracts. Al- 
ternatively, following the arguments ad- 
vanced in Stanley Fischer (1984), the ana- 
lytical use of a contracting model of this 
type may be justified on empirical grounds: 
contracts similar to those envisioned by 
Taylor do predominate in American labor 
markets, even if economists cannot fully ra- 
tionalize their existence. 

Taylor’s model provides a clean and 
forceful implementation of the fundamental 
insight that the asynchronization of price 
changing decisions can have significant con- 
sequences for the business cycle. But for the 
purpose of examining the effects of varying 
degrees of price flexibility, Taylor’s particu- 
lar implementation of this idea is deficient in 
two major respects: first, the specific models 
advanced by Taylor (1979, 1980) produce 
the wrong kind of output persistence; sec- 
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ond, the specific model possesses no channel 
through which price flexibility could be 
stabilizing. 

As Taylor. demonstrates, equations (1) 
through (4) can be solved to produce a mov- 
ing average representation for output as a 
function of the shocks e, and »,: 


(5) y= -5Be,—.58 


x [E(D Jer} +04 


1 


where D is some complex function of struc- 
tural parameters and B=1—h. An aggre- 
gate demand shock—the velocity shock 
v, — generates no persistent fluctuations. The 
only source of persistent fluctuations is the 
e, shock in equation (4). 

The business cycle described by Taylor in 
equation (5) is, therefore, a cost-push busi- 
ness cycle. Cyclical output fluctuations are 
driven by the e, supply-side shock to the 
nominal wage level, not by the v, shock to 
demand. As Taylor’s model stands, it has 
relatively little to tell us about the persistent 
output fluctuations in response to demand- 
side shocks that Keynesian economists, at 
least, think lie at the heart of the business 
cycle.” If a version of Taylor’s (1979) model 
is to generate persistent output fluctuations 


?What economic interpretation can be given to a 
positive e, shock? It is an exogenous increase in the 
wage rate attached to the particular contract that begins 
in period t. It may be thought of as representing an 
exogenous outburst of union militancy. These episodes 
of successful bargaining lead to inflation, to a higher 
price level. Because the monetary authority does not 
fully accomodate this cost-push shock, this price level 
increase is gradually rolled back by a prolonged period 
of subnormal output. The business cycle described by 
Taylor is, therefore, a cost-push business cycle. 

Driskill and Sheffrin show that in such a model 
where the business cycle is driven by supply shocks, 
then price flexibility must be stabilizing at the margin. 
This creates an interesting tradeoff: we show that under 
some circumstances, price flexibility is destabilizing at 
the margin in response to demand shocks. The degree of 
price flexibility that minimizes the variance of output 
will thus depend on the relative magnitudes and the 
correlations of demand and supply shocks. We discuss 
this further below. 
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as a result of demand shocks, the demand 
shocks must be serially correlated. 

For our purposes, there must also be an 
additional modification: as Taylor’s model 
stands, there is no channel through which 
price flexibility could possibly be destabiliz- 
ing. Given v, and the monetary policy reac- 
tion function, output moves inversely with 
the price level. In order to model how defla- 
tion might exert downward pressure on out- 
put, we must complicate the determinants of 
aggregate demand. We do this by relaxing 
Taylor’s assumption that the demand for 
money is interest inelastic. 

The modified model exhibits a kind of 
Mundell effect. The interest rate that de- 
termines demand for goods is a real interest 
rate; the interest rate that clears the money 
market is a nominal interest rate. Inflation 
or deflation drive a wedge between the two 
and shift the short-run solution of the IS-LM 
system, which determines output. While a 
lower price level is expansionary, the expec- 
tation of falling prices is contractionary, 
creating the possibility of instability. This 
seems the easiest but not the only way to 
model the host of possible channels—redis- 
tributions, bankruptcies, liquidity failures, 
real interest rate changes, and so forth— 
through which deflation might depress out- 
put. 

We assume output as determined by the 
IS curve depends on the short-run real inter- 
est rate and a serially correlated demand 
shift term s,: 


(6) yy Afi, a LE, Praia Pl} +s, 

(7) S, = BS; t Zg 

where z, is independent and identically dis- 
tributed. The money-demand function is 


standard, with velocity depending on the 
nominal interest rate: 


(8) m,= p,+ y,— 0, 
(9) v, = Gi,. 
Paralleling Driskill and Sheffrin, the money 


authority follows an interest rate rule which 
is designed to remove m, as an independent 
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variable from (8) and (9): 
(10) 


Deleting the “cost-push” wage shock from 
the wage equation, but otherwise using the 
price level definition and the wage-setting 
equation from the original two-period con- 
tract version of the Taylor model described 
above yields 


(11) p= -5(w, + m1) 
(12) w= 5(w,_1 + E,(w,+1)) 


F 5g( E, 1; + E,-1V41)- 


m,= Bi,. 


This model (6)—(12) is numerically solved 
for a range of parameter values. Although 
there are five free parameters—g, 8, G, A, 
and p—the behavior of output and prices 
has only four independent dimensions of 
variation. The parameters G and £ affect the 
movement of Y, and p, only through their 
sum since substituting (10) and (9) into (8) 
leads to 


(13) y+ P= (B+G)i,, 


_ and substituting (13) into (6) leads to 


(14) y= [A {[E, P7 Pi] 7 B(p,)} +s] 
/(t+ AB), 


where B = (8 +G)~!. Equation (14) reveals 
that the price level affects, directly and indi- 
rectly, output through two channels: there is 
a “destabilizing” expected price change effect 
and a “stabilizing” price level effect. 

With this model, we pose the following 
question: given that the model falls short 
of some ideal contingent-claims Walrasian 
economy in many ways, does additional ag- 
gregate price flexibility—an increase in the 
responsiveness of wages to anticipated ex- 
cess supply and demand, an increase in the 
coefficient g—stabilize the economy? We 
calculate the steady-state variance of output 
in response to a unit variance white-noise 
process for z,, and determine whether ad- 
ditional price flexibility increases or de- 
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creases the steady-state variance of output 
for the economically relevant part of the 
range of parameter values. 

In our initial set of numerical solutions,’ 
we let A—the semielasticity of output with 
respect to the real interest rate—vary be- 
tween 1 and 3. Assuming an average nomi- 
nal interest rate of 8 percent, the .17 interest 
elasticity of real spending estimated by 
Benjamin Friedman (1978) is equivalent to 
an A of two. The inverse of the sum of the 
interest semielasticities of money demand 
and money supply, B, takes on three values: 
from .2, for an accommodating monetary 
policy (or a banking sector which elastically 
supplies real balances) and a sizable re- 
sponsiveness of money demand to interest 
rates, to .6, representing relatively unaccom- 
modating money supply and money demand 
behavior. To place these values in perspec- 
tive, note that with a nominal interest rate 
assumed to average 8 percent and Steven 
Goldfeld’s (1976) estimate of —.20 for the 
interest elasticity of money demand, com- 
pletely interest inelastic money supply im- 
plies B equals .42; if the money supply 
has an interest elasticity of +.20, then B 
equals .21. 

A good way to evaluate the plausibility of 
our parameter estimates for A and B is to 
calculate their implications for the simple 
Keynesian multiplier.4 Holding all present 


3The model is solved numerically for the steady-state 
variance of output by the following procedure: first, we 
calculate the impulse response functions for output and 
prices in response to a single z, shock. To determine a 
unique solution, the transversaility condition that the 
effects of the shock eventually damp out is imposed. 
The model thus becomes a two-point boundary value 
problem which can be solved numerically along the 
lines of the Fair-Taylor (1983) algorithm. That is, we 
assume a path of expectations for prices and output 
after the shock, solve the model forward conditional on 
this path, check for convergence, update, and iterate. 
Second, once the impulse response function has been 
solved, the steady-state variance of output in response 
to a univariate white-noise process for z, is easy to 
determine: it is simply the squared sum of the individ- 
ual output responses to a unit z, shock. 

*But note that in the equations simulated, the multi- 
plier has already been solved out. 


1036 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1986 


TABLE 1— STEADY-STATE VARIANCE OF OUTPUT IN RESPONSE TO DEMAND SHOCKS 


0 1 
B=2 
p= A=1 93 958 
2 68 728 
3 52 56? 
p=.75 A=1 159 163 
2 117 12% 
3 89 101° 
B=A 
p=5 A=1 68 69 
2 41 428 
3 B 228 
p=.75 A=1 17 1168 
2 n w 
3 47 36 
B=.6 
pas A=1 52 53 
2 28 288 
3 WW iP 
p=.75 A=1 89 87 
2 47 4 
3 29 2 


g= 
2 4 6 8 1.0 
994 110? 120° 128? 134? 
78° 90° 100? 106* 109 
63° 74° 82° 86° 88? 
179° 213° 242° 267° 286° 
148° 178° 194? 201° 202 
124° 157° 164 163 160 


i 76° 81° 83° 83° 
44° 49° 532 56° 56 
22* 25 27° 28? 27 


118* 129° 140° 149° 153° 
74° 85° 94 88 79 
37° 42 46 45 41 


53? 56 594 61° 62? 
29° 31° 332 347 343 
18° 19° 21° 22° 22 
85° 88* 93° 97° 994 
45° 49° 54° 56° 56° 
28° 31° 34 33 31 


ê Price flexibility is destabilizing at the margin. 


and future expected prices constant, the sim- 
ple comparative-statics multiplier obtained 
from equations (6)-(10), assuming a margin- 
al propensity to spend of .67 is given by 


B=2 B=6 
A=1 2.5 2.2 
M= A=2 21 1.5 
A=3 1.9 1.5 


An increase in autonomous spending of 1 
percent of GNP leads in the comparative 
statics to an increase in nominal demand of 
M percent. These values span most estimates 
of this spending multiplier. 

We allow g, the responsiveness of wages 
to excess demand or supply in the labor 
market, to vary between 0 and 1. Thinking 
of a period as one year, a value of .1 for g 
implies that a 1 percent reduction in output 
reduces the wages by .05 percent in the first 
year and by .1 percent after two years. In the 
language of Arthur Okun (1978), it implies a 
sacrifice ratio of 20 slightly greater than his 
upper-bound estimate. A value of 1 for g 
implies a sacrifice ratio of 2, which is some- 


what below Jeffrey Sachs’ (1985) optimistic 
reading of recent experience. 

The basic numerical solutions are pre- 
sented in Table 1. The degree of price flexi- 
bility increases within each row reading 
across. And it can be clearly seen that in- 
creasing price flexibility typically increases 
—not decreases—the steady-state variance 
of output. 

Price flexibility is destabilizing at the 
margin in almost all cases. Only as the dis- 
turbance to the ZS equation approaches a 
random walk is price flexibility ever helpful 
in reducing the variance of output, and then 
only over a relatively narrow range as the 
parameters move from a situation with no 
price fiexibility to one with some price flexi- 
bility. Starting from the position of no price 
response to output fluctuations at all, a small 
amount of price flexibility can effectively 
damp the far-future effects of a current shock, 
thus reducing steady-state output variance. 
But very soon the margin of diminishing 
returns is reached because the far-future out- 
put fluctuations have already been damped, 
there are only small marginal returns as price 
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flexibility is increased, and increased price 
flexibility disturbs the real interest rate in 
the present. 

The pattern of responses shown in Table 1 
is typical of the many calculations which we 
performed. In general, increases in B, A, 
and p all tend to slightly increase the region 
over which price flexibility is stabilizing. The 
steeper the LM curve or the flatter the 75 
curve, the smaller is the scope for destabiliz- 
ing price flexibility. And the more persistent 
are shocks, the more likely are the advantages 
of moving the price level quickly towards its 
equilibrium level to counteract the disad- 
vantages of having a volatile rate of change 
of the price level. 

It is interesting to note that price flexibil- 
ity increases the variance of output not by 
increasing the persistence of shocks, but by: 
front-loading their effects. As Figure 1 shows, 
the combination of price flexibility and the 
real interest rate effect together concentrate 
the output effects of a persistent nominal 
demand shocks in the present and near fu- 
ture, close in time to the moment when the 
shock occurs. If, in response to a monetary 
contraction, the price level is expected to 
decline substantially, then (a) real balances 
will be back to normal in the following 
period, so the effects of the contraction will 
not persist, and (b) the contractionary effects 
of high nominal interest rates will be rein- 
forced by the extra increase in the real in- 
terest rate created by the anticipated price 
decline. Output is subject to shorter—and 
sharper in a variance metric—swings if prices 
are more flexible. In our forthcoming paper, 
we show that serial correlation in output has 
in fact increased over time as prices have 
become more and output less volatile. The 
serial correlation in annual deviations of 
output from trend has risen from approxi- 
mately .4 before World War I to approxi- 
mately .8 today. A common pattern—in- 
creased serial correlation and decreased 
volatility with more rigid prices—is present 
both in history and in the model. Perhaps 
this mechanism has something to do with the 


changing character of American business 


cycles. : 
Although this model is too simple and 
stylized for the conclusions reached from 
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Period 


FIGURE 1. IMPULSE RESPONSE TO DEMAND SHOCK 
(A =2, B =.2, p=.5) 


analysis of it to be easily applied, the conclu- 
sions do seem striking. Taking Taylor’s 
(1979) model, and modifying it so that it 
(i) allows for the influence of real interest 
rates on aggregate demand, and (ii) gener- 
ates persistent output fluctuations in re- 
sponse to demand-side shocks, we found that 
this model exhibits destabilizing price flexi- 
bility as stressed by Fisher, Keynes, and 
Tobin for a wide range of plausible parame- 
ter values. 


II. Alternative Contract Structures 
A. Changing Contract Length 


In addition to changing g as a way of 
modeling increases or decreases in wage and 
price flexibility, there is another possible type 
of change in price flexibility that can be 
analyzed with this model. It is possible to 
change the number and the length of the 
overlapping contracts. Taylor (1980) de- 
scribes how to generalize his wage-setting 
equation from the case of two-period to the 
case of many-period contracts. 

The previous section has shown that price 
flexibility is almost always destabilizing for 
the case of two-period contracts, but how 
does the variance of output change as the 
number of periods a given contract lasts 
increases from two to three to four? 

Table 2 shows that, at least for the param- 
eters chosen, increasing the length of con- 
tracts in the model frequently decreases the 
steady-state variance of output. We present 
only results for B =.4. With B =.2, increas- 

\ 
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TABLE 2—-STEADY-STATE VARIANCE FOR INCREASING CONTRACT LENGTH 
(A=2; B=.4) 


Contract Length 0 


p=5 2 periods 41 
3 periods 41 
4 periods 41 
p=.75 2 periods 71 
3 periods 71 
4 periods 71 


g= 
2 4 6 8 1.0 


42° 44° 49? 53? 56? 57? 
42 43° 45° 47° 494 49° 
42 42 43° 44° 45° 45° 
70° 74° 85° 94 88 79 
70° 72° 77° 79 78 75 
70° 71° 73° 76 75 72 


*Denotes that price flexibility is destabilizing at the margin. 


ing contract length reduces the variance of 
output for all our chosen values of p and A. 
As the contract length increases, the aggre- 
gate price level does not adjust as quickly to 
nominal shocks. And this sluggish response 
of the price level slightly reduces the magni- 
tude of real interest rate fluctuations enough 
to reduce the variance of output in many 
cases. 

This result casts some doubt upon the 
validity of arguments by those who, like 
Lester Thurow (1979), argue that the United 
States should attempt to explicitly encourage 
the development of “corporatist” institu- 
tions to explicitly conduct centralized wage 
bargaining. More generally, it calls into 
question standard Keynesian arguments sug- 
. gesting that long-term contracts help to ex- 
plain the cyclical variability of output. In the 
model we are working with, shortened con- 
tracts, frequent reopeners, and so forth do 
not necessarily stabilize output. 


B. Approaching the Limit of Perfect Markets 


There is yet another dimension of chang- 
ing flexibility available which we can use to 
further explore the properties of this simple 
model: it is possible to change the “length” 
of the period itself, to reduce the amount of 
“time” taken up by each count of the index 
t. Instead of thinking of the model as com- 
prising one-year periods and two-year labor 
contracts, we can examine the performance 
of the model with six-month periods and 
one-year contracts, or with three-month peri- 
ods, and so forth. How do the effects of 


price flexibility change as we change the 
length of the period in the model? 

In order to effectively halve the length of 
the amount of time covered by a single period 
in the model, the following steps are neces- 
sary: first, we set the parameter „ey equal 
to yH#o:q- For the demand shock to decay in 
the same amount of time in the transformed 
model, it must decay in twice the number of 
periods. Second, we adjust the variance of 
the initial shock z, so that the steady-state 
variance of the shift term s, in the ZS curve 
is the same as it was before. 

Keeping the parameter g the same in the 
transformed and the untransformed model 
implies that the transformation to a period 
that covers half as much time involves a 
doubling of the responsiveness of the price 
level to output deviations. 

This way of increasing price flexibility has 
a strong advantage over the other two possi- 
ble ways—decreasing the contract length and 
increasing the value of the parameter g. It is 
not possible by varying the contract length 
or increasing g to create a sequence of econ- 
omies which smoothly converges to the 
Walrasian limit. There is a tremendous dif- 
ference between one- and two-period con- 
tracts, and continuously increasing g even- 
tually leads to economically meaningless 
behavior on the part of the model as small 
expected price changes lead to enormous 
output jumps in the present. Shortening the 
amount of time covered by a single period 
allows for continuous movement to the 
Walrasian ideal, where nominal demand 
shocks have no real effects at all. 
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TABLE 3—STEADY-STATE VARIANCE APPROACHING 
THE WALRASIAN LIMIT 


(A= 2; B=.4) 
Period Length 

g 1 1/72 1/4 1/8 1/16 1/32 ...1f00 

0 33 3 ë 3 ë 33 33 33 w33 

1 33 34 34 32 25 18 ..0 

2 34 35 36 33 24 16 a0 

4 36 39 41 35 24 15 ...0 

6 37 48 42 36 26 15 0 

8 38 45 43 37 27 16 iO 
10 39 48 44 38 29 16 sO 


As Table 3 illustrates, convergence toward 
the Walrasian limit does happen eventually: 
for periods of 1/8 the original or shorter, the 
Steady-state variance of output drops rela- 
tively quickly (although by only 10-20 per- 
cent, by much less than 50 percent, with 
each iteration) as the period is shortened 
further. But before the value of 1/8, con- 
vergence toward the limit is not, or is at 
most only slightly, visible. The effect of a 
shortened period in causing more rapid price 
changes—and thus more of an incentive to 
postpone or accelerate spending by one 
period—approximately balances the stabiliz- 
ing effects of more rapid price flexibility. In 
the limit, increased price flexibility is indeed 
stabilizing. But one must already be very 
close to that Walrasian limit before its prop- 
erties become a good guide to the behavior 
of the model. 


- IM. Supply Shocks 


Although increased price flexibility clearly 
often is destabilizing at the margin in re- 
sponse to demand shocks in our modeéls, 
increased price flexibility is—as Driskill and 
Sheffrin have proved—stabilizing at the 
margin in response to supply-side shocks to 
the level of wages. This raises an interesting 
question: if there is a mixed distribution of 
shocks, how heavily does the mix have to be 


5 Results are presented for B =.4. Results for B =.2 
show even slower convergence toward the Walrasian 
limit. 
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tilted towards supply shocks before there 
ceases to be a region where increased price 
flexibility is destabilizing at the margin? If 
we change our wage-determination equation 
to add a supply shock: 


(15) W, = S(W,-1+ E,W) 


+ x(.5E,_,(Y, + Yi41)) +N, 


how large does ož have to be relative to 07 
for the region where price flexibility is de- 
stabilizing at the margin to disappear? 

In our model the answer turns out to be 
somewhat surprising. As price flexibility in- 
creases, the variance of output generated by 
a serially uncorrelated supply shock quickly 
declines and approaches an asymptote for 
the reasonable parameter values used here, 
as Table 4 reports. 

There is thus a region where (i) further 
increases in price flexibility do little to re- 
duce output variance generated by supply- 
side shocks, and (ii) further increases still 
add to the variance generated by demand 
shocks. Therefore the distribution of shocks 
must be heavily weighted toward the supply 
side for the region where price flexibility is 
destabilizing to disappear. 

Table 5 reports some sample output vari- 
ances for different distributions of indepen- 
dent shocks. The variance of N,, the supply 
shock, is taken to be one; the variance of the 
demand shock, z,, is taken to be B. 

The intuition behind this result is rather 
simple. Driskill and Sheffrin show that the 
output response of a real interest rate-en- 
hanced Taylor-like model to a supply shock 
is an ARMA(11) process. As the degree of 
price flexibility increases, the autoregressive 
term becomes smaller and smaller because 
the economy moves to eliminate effects that 
are not due to this period’s and last period’s 
surprise shock. In the limit, state variables 
become simple one-period moving averages 
of shocks. 

Now the autoregressive parameter turns 
out typically to be already quite small for 
relatively low g. It is not uncommon for an 
autoregressive parameter of .3 to be associ- 
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TABLE 4-—— STEADY-STATE VARIANCE IN RESPONSE TO SUPPLY SHOCKS 
g= 
A= 0 1 2 4 6 8 Asymptote 
B=.2 1 (e) 30 28 27 27 26 26 
2 (os) 85 80 78 76 76 75 
3 co 142 136 132 130 130 130 
B=4 1 co 37 33 31 29 28 27 
2 fos) 84 76 71 68 66 65 
3 œ 123 112 105 102 100 99 
TABLE 5——STEADY-STATE VARIANCE IN RESPONSE TO MIXED SHOCKS 
{(4=2; p=.5) 
Ratio of Supply to Demand £T 
Shock Variance 0 Al 2 4 6 8 1.0 
B= 2 1 co 157° 158° 168° 177° 181% 1837 
2 co 121 119% 123? 1277 130° 131° 
5 co 99 96 953 96° 9 97 
10 o %2 88 86° 86° 87 87 
B =.4 1 œo 126 120 120° 121° 122% 122° 
2 œ 105 98 95 96° 977 97° 
5 œo 92 85 81 79 79 79 
10 œo 88 80 76 74 74 72 


*Denotes that price flexibility is destabilizing on the margin. 


ated with a g of similar magnitude. The 
contribution of the “out-period” terms of an 
ARMA(1, 1) to the total variance of the pro- 
cess is approximately the square of the auto- 
regressive parameter times the contribution 
of the first two “in-period” terms, in which 
shocks enter the moving average portion of 
the process. Therefore, even with a g of only 
0.3, the variance caused by supply shocks is 
already. only some 9 percent above its 
asymptotic value. There is no room for fur- 
ther increases in price flexibility to produce 
significant declines in supply-shock-driven 
output variability. 

We conclude that the introduction of 
supply shocks into our simple model is un- 
likely to remove our central result: that there 
is a significant and reasonable region of 
parameters for which price flexibility is de- 
stabilizing. Even if shocks on the supply side 
play a quantitatively significant role in cycli- 
cal output fluctuations, additional price 
flexibility may well do relatively little to 


damp their effects and may amplify the out- 
put fluctuations induced by demand shocks.® 


IV. Alternative Determinants 
of Aggregate Demand 


The previous sections have all assumed 
that what matters for the determination of 
aggregate demand is the short-term real in- 


®Taylor (1980) concludes that the phenomenon of 
destabilizing price flexibility is not of empirical signifi- 
cance. He relies on the relatively primitive model devel- 
oped in our forthcoming article with inertial expecta- 
tions in the price equation, that lacks any attempt at 
explicit microfoundations, and generates output move- 
ments in response to demand shocks that have negative 
serial correlation. Taylor finds that for the primitive 
model with supply and demand shocks, there are re- 
gions where price flexibility is stabilizing and regions 
where price flexibility is destabilizing, but that em- 
pirically reasonable parameter values are likely to be 
contained in the stabilizing region. We find it hard to 
judge what parameter values are reasonable in such a 
stylized model. ; 
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TABLE 6—-STEADY-STATE VARIANCE FOR A Q THEORY OF AGGREGATE DEMAND 
. (p =.5; 8 =.20) 
& = 
A= Jl 2 4 6 8 1.0 
B=.2 1 78.0 79.0% 79.67 80.4 78.4 75.1 
2 52.0° 53.6% 55.87 54.3 ‘54,1 50.8 
3 37.37 39.1? 39.87 40.8 40.4 37.2 
B=4 1 53.0 52.97 53.1? 53.44 52.5 50.1 
2 27.94 28.4% 29.13 28.9 28.8 27.4 
3 17.17 - 17.67 18.2? 18.1 17.9 16.1 
B =.6 1 39.4 39.1 39.0 39.2? 38.7 37.5 
2 17.62 17.8° 18.0% 18.1 18.0 17.6 
3 9.7° 10.07 10.27 10.2 10.1 9.9 





*Denotes that price flexibility is destabilizing at the margin. 


terest rate, the one-period interest. rate r,. 
But there is an important and convincing 
line of thought which argues that the rele- 
vant interest rate for the purpose of de- 
termining investment is a long-term interest 
rate. Suppose that the level of aggregate 
demand is determined by the level of invest- 
ment, which is in turn determined by 
Tobin’s q. How does this shift in the mecha- 
nism that determines aggregate demand 
change the results of the previous sections? 

Blanchard and Sachs (1982) consider a 
model with quantity-constrained demands, 
fully optimizing agents, and durable capital 
that is costly to adjust. They conclude that 
the Mundell effect is not strong enough to be 
destabilizing. In their model, price flexibility 
amplifies fluctuations in the short-term real 
interest rate. But because price flexibility 
leads to the faster damping of disturbances, 
long-term rates are less erratic and output is 
less variable. 

A critical issue here is the length of time 
which constitutes the “long run,” the hori- 
zon with which Tobin’s q is calculated. In 
the spirit of the previous models in this 
paper, we replace r, in (8), with its closest 
analogue in a q-theoretic framework, g,—1: 


(16) (1+ AB)y,=A(q,-1)+5,. 
Arbitrage implies that g, evolves accord- 
ing to 

(17) g=1-K-1)Qait(h), 


where (F,), is ihe return paid on a unit of 
capital in place in period t, K is the sum of 


the risk premium on equity and rate of de- 
preciation, and r, is the real short-term inter- 
est rate. Clearly the larger is K, the closer is 
q, to1—r,. If K is “high enough” in some 
sense, price flexibility will be destabilizing 
even in this g-theoretic framework. The pro- 
cess determining q, will place very high 
weight on the more volatile real return 
fluctuations in the present and less weight on 
the more stable real returns in the far future. 
The interesting question is whether K is 
likely to be high enough to render price 
flexibility destabilizing in actual economies. 
Since World War II, the real return on 
equities in the United States has averaged 
some nine or so percentage points higher per 
year than the return on Treasury bills. One 
component of K is therefore this risk pre- 
mium. It is reasonable to assume that capital 
depreciates at 10 percent per year. We there- 
fore assume that K = 20 in the calculations 
reported below, although our results are 
somewhat sensitive on this assumption.’ 
The model used for the simulations re- 
ported in Table 6 is our basic model with 
two-period contracts, only with the IS ag- 
gregate. demand equation (6) replaced by 
(16), and with the arbitrage equation (17) 
included with a value of .20 for K. Profits 
(F,,), are assumed constant; allowing for 


TIf K is lower, then the destabilizing effect of price 
flexibility is reduced. With K =16, destabilizing effects 
are severely damped. And if K is lowered to 10, then 
price flexibility is never destabilizing for the parameter 
values considered. 
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procyclical profits introduces an accelerator 
into the model without changing its qualita- 
tive behavior. Results are presented for u = 5. 
Price flexibility is more destabilizing for 
lower values, and less destabilizing for higher 
values of p. 

Price flexibility is still destabilizing over a 
range, although not over as large a range as 
the basic model. Moving to a theory of ag- 
gregate demand based on the long-term 
rather than on the short-term interest rate 
weakens but does not eliminate the plausibil- 
ity of destabilizing price flexibility. With 
higher values of B, the traditional conclusion 
that price flexibility is stabilizing is restored. 

As Robert Hall (1977) emphasizes, there 
are strong reasons to expect investment to 
depend on short as well as long real rates. 
Timing is a critical aspect of many invest- 
ment decisions. For many types of capital 
goods, adjustment costs are not important. 
And so the financial variable that should 
enter into the determinant of aggregate de- 
mand should be neither r, nor q,_,, but 
instead some weighted average. 

There are several other reasons to think 
that the weight placed on r, should be rela- 


tively high. Much cyclically sensitive capital . 


formation is nondurable, or not very dura- 
ble. Moreover, there may be effects which 
are well-correlated with the short-term inter- 
est rate which are not in representative deci- 
sion-maker models. Agents may be limited 
in their spending by liquidity constraints. 
And sharp declines in the price level that 
were unanticipated at the moment many 
contracts specifying financial liability were 
written can have large effects on aggregate 
demand through the distributions of wealth. 
Putting a high weight on r, would lead us 
back towards the results in earlier sections. 
Destabilizing price flexibility is not re- 
moved as a possibility by the move from 
using short-term to using long-term interest 


rates in the determination of aggregate de- - 


mand. Our initial conclusion that models 
derived from Taylor (1979, 1980) can exhibit 
destabilizing price flexibility for a wide range 
of plausible parameter values has turned out 
to be quite robust. If Taylor’s models can 
serve as a reasonable base from which to 
reason about the behavior of the economy, 
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the results of this paper show that there is 
every reason to take Keynes seriously when 
he challenges the view that increased price 
flexibility would reduce the seriousness of 
business cycles. 


V. Conclusions 


Our results suggest that standard Keynes- 
ian models wage and price rigidity have the 
implication that increases in price flexibility 
starting from degrees of flexibility like those 
observed in economies such as the United 
States may well increase the cyclical variabil- 
ity of output. This conclusion holds even 
allowing for forward-looking behavior in 
wage-setting and in financial markets. This 
observation makes it unlikely that the extra 
degree of nominal rigidity of the type associ- 
ated with union contracts, for example, can 
plausibly be blamed for cyclical fluctuations 
in output. Even if increased nominal rigidity 
is not stabilizing, it is unlikely to be signifi- 
cantly destabilizing. As we have emphasized 
in our forthcoming paper, these observations 
are consistent with the broad sweep of 
American macroeconomic history. The in- 
creasingly non-Walrasian character of the 
economy and the associated reductions in 
wage and price flexibility have coincided 
with improvements in macroeconomic per- 
formance. 

The mainline American Keynesian view 
that the major difference between economies 
that are well-approximated by classical mod- 
els and economies that are well-approxi- 
mated by Keynesian models lies in the fact 
that the first set of economies have more 
aggregate price flexibility is particularly odd 
in view of the origins of Keynesian econom- 
ics in the experience of the Great Depres- 
sion. Between 1929 and 1932, the U.S. price 
level declined by 9 percent a year. In 1932, 
U.S. real GNP was two-thirds of what it had 
been three years earlier. It is difficult to 
believe that the problems of the U.S. econ- 
omy during the Great Contraction were due 
to the fact that prices did not adjust quickly 
enough to absorb the nominal shock which 
came either from inappropriate monetary 
policy or from pessimistic animal spirits. It 
seems implausible to assert that if only the 
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price level had declined by 20 instead of 9 
percent per year, that the U.S. economy 
would have had a high level of output in 
1932. Rather more plausible is the belief that 
if the price level had fallen at 20 percent per 
year, the contraction would have been even 
more serious as very high real interest rates 
would have drastically reduced the level of 
economic activity. 

Events surrounding the trough of the Great 
Depression lend some support to our posi- 
tion, although a convincing analysis must 
wait for the future. During the decline of 
1929-33, the view that price declines were a 
cause—as well as a consequence—of de- 
pressed output gathered force. President 
Roosevelt was greeted on his inauguration 
by demands for a rollback of deflation, de- 
mands which found expression in the Na- 
tional Industrial Recovery Act. According to 
Ellis Hawley, American business leaders be- 
lieved that “excessive competition,” by de- 
pressing wages and product prices without 
writing down fixed debt-related costs, “had 
destroyed profitable operation, undermined 
business confidence, and reduced the rate 
of investment” (1966, p. 27). According to 
W. Arthur Lewis, the NIRA was intended to 
“promote recovery... by raising prices, and 
thus dissipating the gloom of business men... 
and by raising wages” (1949, p. 107). 

The NIRA was signed in June 1933, a few 
months after the trough in both output and 
prices. Over the period of its operation, it 
certainly raised prices. Output also recovered 
somewhat, and clearly the recovery was 
not triggered by any further decline in 
nominal interest rates or by fiscal policy (as 
E. Cary Brown, 1956, has convincingly dem- 
onstrated). In Lewis’ judgment, the initial 
“psychological effect [of the NIRA] was 
good; business men took heart from the 
prospect of rising prices” (p. 107). Neverthe- 
less the possible stimulative effects of the 
NIRA operating through price expectations 
remain speculative. Rolling back deflation 
was only one of the policies embedded in 
the NIRA. The NIRA’s encouragement of 
cartelization may have had contractionary 
macroeconomic effects of its own. 

International evidence corroborates our 
skepticism about the causal role of substan- 
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tial nominal rigidities in explaining business 
cycles. In much of Latin America, high rates 
of inflation are endemic. Perhaps because of 
the increased wage and price flexibility that 
accompanies rapid inflation, real interest 
rates are much more variable than in the 
United States and so too is real output. 
Despite a high degree of price flexibility, 
monetary and fiscal policies have potent 
effects on the level of economic activity. 

As Franklin Fisher (1984) emphasizes, 
economics does not possess a fully satisfac- 
tory theory of price adjustment. There does 
not yet exist a convincing demonstration 
that a decentralized economy will rapidly 
converge to its Walrasian equilibrium after 
being shocked. The stability of an economy 
without institutional impediments to price 
flexibility in the face of demand shocks is an 
assumption, not a conclusion of economic 
analysis. The performance of actual econo- 
mies suggests that it may not be a particu- 
larly good one. 

While calling into question the common 
conclusion that more nominal rigidities mean 
more variability in output and employment, 
our results support arguments suggesting the 
importance of the existence of nominal rigid- 
ities in explaining cyclical fluctuations. A 
problem for “menu” arguments explaining 
business cycles is that the rigidities explained 
seem small relative to the length and depth 
of the fluctuations that must be explained. 
Our analysis suggests that because of the 
effects of expected price changes, even small 
amounts of nominal rigidity can be substan- 
tially destabilizing. 
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Efficient Contracts with Costly Adjustment: 
Short-Run Employment Determination for Airline Mechanics 


By DAVID CaRD* 


This paper presents an empirical analysis of firm-specific employment and wage 
outcomes for mechanics in the domestic airline industry. A dynamic contracting 
model is presented that incorporates both costly employment adjustment and 
potential gaps between contract wage rates and the opportunity value of workers’ 
time. The model gives a useful description of the employment-output linkage in 
the data, but is less successful in capturing the dynamic relation between employ- 
ment, contract wage rates, and wage rates outside the airline industry. 


The search for a credible interpretation of 
observed employment patterns has led to 
widespread interest in the notion of efficient 
labor contracts.' In contrast to traditional 
auction models of the labor market, which 
relate fluctuations in employment directly to 
changes in wage rates, contracting models 
permit a more flexible link between wage 
payments and employment determination. 
According to the simplest version of the 
efficient contracting hypothesis, in fact, the 
level of employment maximizes the joint in- 
come of workers and the firm, while the level 
of wages represents a pure transfer between 
them. If this “strong form” efficiency hy- 
pothesis is correct, then it calls into question 
a wide variety of policy conclusions based 
on the assumed distortionary effects of 


*Department of Economics, Princeton University, 
Princeton, NJ 08544. I am grateful to Robert LaLonde 
for his assistance in gathering the data in this paper, 
and to Jim Brown, John Pencavel, and an anonymous 
referee for comments on earlier drafts. 

1The theoretical literature on efficient contracting is 
voluminous: see in particular Wassily Leontief (1946), 
Costas Azariadis (1975), Martin Baily (1974), Donald 
Gordon (1974), Robert Hall and David Lilien (1979), 
Ian McDonald and Robert Solow (1981), and the recent 
surveys by Oliver Hart (1983) and Sherwin Rosen (1985). 
Jan Svejnar (1986) presents an empirical study of effi- 
cient wage and employment outcomes. James Brown 
and Orley Ashenfelter (1986), Thomas MaCurdy and 
John Pencavel (1986), and F. Martinello (1984) attempt 
to test between efficient contracting models and conven- 
tional employment-setting models. 
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union wage differentials and short-term wage 
rigidities.? 

A simple test of the efficient contracting 
hypothesis is provided by a firm-level em- 
ployment equation that includes ‘both the 
wage rate at the firm and some measure of 
the alternative wage available to workers.’ 
According to the strong form efficiency hy- 
pothesis, the joint income of workers and the 
firm is maximized when the marginal value 
product of labor equals its outside opportu- 
nity wage. If this hypothesis is correct, em- 
ployment is independent of firm-specific 
wage rates and depends only on the alterna- 
tive wage rate. In the traditional labor de- 
mand model, by comparison, the firm’s prof- 
its are maximized when the marginal value 
product of labor equals the firm-specific 
wage. If this model is correct, then employ- 
ment is independent of alternative wage rates 
and depends only on the firm’s wage rate. 
Finally, in a general contracting model, labor 
is allocated between outside opportunities 
and contract employment on the basis of a 
shadow value that varies with both firm- 
specific and alternative wage rates. 


?This point was made forcefully by Robert Barro 
(1977) in a comment on models of nominal wage con- 
tracting. 

3This is essentially the test procedure adopted by 
Brown and Ashenfelter. MaCurdy and Pencavel esti- 
mate a capital-labor ratio equation that includes both 
contract and alternative wage rates. 
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In a dynamic setting, however, tests of 
even simple efficient contract models are 
complicated by the fact that alternative wage 
rates may help to predict future contract 
wage rates. Suppose, for example, that em- 
ployment adjusts toward a target level that 
depends on a weighted average of future 
contract wage rates. In this case, even if 
desired employment is independent of alter- 
native wages, current and lagged alternative 
wage rates may enter the employment equa- 
tion as predictors of future contract wages. 

In a dynamic model it is therefore neces- 
sary to sort out two competing routes for the 
alternative wage to influence the level of 
contract employment: (i) directly, through 
the appropriate expression for the shadow 
value of labor; and (ii) indirectly, through 
the statistical link between current alterna- 
tive wage rates and expected future contract 
wage rates. 

This paper presents an empirical analysis 
of the potential links between wage rates and 
employment for mechanics in the domestic 
airline industry. The data consist of quarterly 
observations on employment, output, and 
wages for seven major airlines, drawn from 
the period prior to deregulation of the in- 
dustry. Wage rate information is taken from 
union contracts covering mechanics at each 
of the seven airlines, while employment and 
output data are taken from Civil Aeronautics 
Board records. 

Section I presents a preliminary analysis 
of the data using unrestricted vector auto- 
regressions. The analysis reveals a striking 
similarity between the serial correlation 
properties of these micro-level data, and the 
properties of more familiar aggregate data. 
The analysis also shows that aggregate 
manufacturing wage rates are an important 
determinant of both employment levels and 
wage rates for airline mechanics. On the 
assumption that the manufacturing wage rate 
represents the alternative wage rate for airline 
mechanics, the observed link between me- 
chanics’ employment and manufacturing 
wages can be attributed either to efficient 
contracting considerations, or to the fact that 
manufacturing wages help predict future 
contract wage rates, or both. 
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The second section of the paper presents a 
simple intertemporal contracting model in 
which it is possible to disentangle these two 
effects. The model assumes that employment 
and wages are selected to minimize the cost 
of aircraft maintenance, subject to a utility 
constraint for mechanics. Adjustment costs 
are introduced on the firm’s side to generate 
an employment function with serial per- 
sistence and gradual adjustment to output 
shocks. Two specifications of workers’ pref- 
erences are presented that yield alternative 
expressions for the shadow value of labor in 
an optimal contract. The traditional labor 
demand model and the strong form efficient 
contracting model are obtained as special 
cases of the general model. 

The model yields a partial-adjustment em- 
ployment equation that expresses current 
employment in terms of lagged employment,’ 
lagged departures, and lagged wage rates. 
The model generates testable restrictions 
across the employment equation and the 
forecasting equations for output and wages, 
and summarizes the employment effects of 
alternative wage rates in terms of two com- 
ponents: a direct effect on the desired level 
of employment; and on indirect effect on 
forecasts of future contract wages. 

Section III presents the results of fitting 
the model to data on departures, wages, and 
employment for the seven airline firms. The 
empirical analysis is generally unsupportive 
of either the strong form efficient contracting 
model or the labor demand model. Both 
models are rejected in favor of a more gen- 
eral contracting model in which the oppor- 
tunity cost of employment is a weighted 
average of the contract wage and the alterna- 
tive wage. The parameter estimates for all 
three models are poorly determined, how- 
ever, and the implied reduced forms fail to 
reconcile all the dynamic linkages between 
contract wages, alternative wages, and 
employment. 


I. Preliminary Data Analysis 
The data in this paper consist of quarterly 


observations on employment and wages for 
aircraft mechanics employed in the domestic 
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operations of seven airlines: American, 
Braniff, Continental, Eastern, Trans World, 
United, and Western.* Employment, earn- 
ings, and flight data were collected from 
various Civil Aeronautics Board (CAB) 
sources for the period 1969:I to 1976:IV.° 
Wage rates were collected from union con- 
tracts summarized in Current Wage Develop- 
ments and the Bureau of National Affairs’ 
Daily Labor Report.® A complete description 
of data sources is provided in Appendix II. 
Mechanics at these airlines are repre- 
sented by three unions: the Transport 
Workers Union (TWU) at American; the 
Teamsters (IBT) at Western; and the Ma- 
chinists (IAM) at the other five airlines. Al- 
though the IAM bargained individually with 
- these five airlines during the sample period, 
contract terms and expiration dates differed 
little between them. Differences among the 
IAM contracts were due mainly to delays in 
signing new contracts at the individual 
airlines.’ 


*Data are also available for three other domestic 
trunk airlines—Delta, National, and Northwest—as 
well as for Pan Am. Because of the high level of strike 
activity at National and Northwest, these airlines were 
excluded from the present study. Pan Am differs from 
the domestic trunks in that a large share of its business 
is international. For this reason, domestic employment 
data for Pan Am may be misleading, and I chose to 
exclude it. Delta’s mechanics are nonunionized and, as 
a result, no direct measure of contract wage rates is 
available. 

Detailed quarterly employment data are unavailable 
after 1976. Employment and payroll information per- 
tain to maintenance and related workers, as defined by 
the CAB. This group includes aircraft inspectors and 
mechanics, as well as cleaners, janitors, and stock clerks. 
According to CAB records, there were 37,036 mainte- 
nance workers in the domestic trunk airlines in the third 
quarter of 1975. A Bureau of Labor Statistics (BLS) 
Industry Wage Survey during August-November 1975 
counted 29,518 inspectors and mechanics, and 8,588 
cleaners, janitors and stock clerks at the domestic trunks, 
for a total of 38,106 maintenance and related workers. 
On this basis, approximately 80 percent of maintenance 
workers are actually airline mechanics or inspectors. 

©Wape rates for mechanics at Western Airlines were 
obtained from copies of the contracts generously made 
available to me by the IBT Airline Division. 

7 During this period the delay between expiration of 
old contracts and renegotiation of new contracts was 
typically six to twelve months. 
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Table 1 presents annual data on nominal 
and real wage rates for airline mechanics at 
the various firms between 1969 and 1976.8 
There were only small and unsystematic dif- 
ferences between wage rates negotiated by 
the three unions. Compared to other workers, 
however, airline mechanics earned relatively 
high wage rates during this period: 50 to 60 
percent higher than average straight-time 
hourly earnings in manufacturing, for exam- 
ple, and about 25 percent higher than aver- 
age hourly earnings reported by mainte- 
nance mechanics in manufacturing. Airline 
mechanics also earned a small premium (5 to 
15 percent) over unionized mechanics at the 
major aircraft companies. 

Airline mechanics’ nominal wage rates are 
established in two- or three-year contracts 
that typically include both noncontingent 
deferred increases and cost-of-living al- 
lowance clauses. During the sample period, 
new agreements were negotiated in 1969 
(from March to December, depending on 
airline), 1971-72 (May 1971 to December 
1972), 1973-74 (November 1973 to August 
1974), and 1975-76 (December 1975 to Sep- 
tember 1976). Because of deferred increases 
and cost-of-living adjustments, however, the 
relation between contract negotiations and 
real wage rates is indirect. Real wage rates 
increased over the term of the 1969 con- 
tracts, for example, but were more or less 
constant between 1973 and 1976. 

The behavior of real contract wage rates is 
analyzed more formally in Table 2. Column 
1 presents a simple second-order autoregres- 
sion (AR(2)) fit jointly to the logarithms of 
contract wage rates for all seven airlines, 
with unrestricted constants, trends and sea- 
sonal dummy variables for each airline.’ As 
is apparently true for aggregate real wage 


8 Wage rates in Table 1 are for certified mechanics, 
excluding premiums for line service work (10 to 25 cents 
per hour during this period) and FAA licenses (10 to 20 
cents per hour per license). Wage rates for mechanics 
represented by the IAM are summarized by the wage 
rates at United Airlines. 

°A simple F-test that the AR(2) coefficients in the 
wage equation are the same across all seven airlines 
yields a probability value of .04. The major difference in 
coefficients is between American and the other airlines. 
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TABLE 1— WAGE RATES FOR AIRLINE MECHANICS AND COMPARISON GROUPS: 1969-76 


Maintenance 
Mechanics in 
Manufacturing? Manufacturing? Boeing-IAM! 


American- United- Western- 


TWU? IAM? IBT? 
1969 4.60 4.40 4.47 
[4.60] [4.40] [4.47] 
1970 5.10 5.20 5.27 
[4.81] [4.91] [4.98] 
1971 5.60 5.60 5.68 
[5.07] [5.07] [5.14] 
1972 6.20 5.95 5.98 
[5.43] [5.21] [5.24] 
1973 6.40 6.60 6.45 
[5.28] [5.44] [5.32] 
1974 6.85 710 6.85 
[5.09] [5.28] [5.09] 
1975 7.50 7.70 7.70 
[5.10] [5.24] [5.24] 
1976 8.10 8.45 7.90 
[5.22] [5.44] [5.09] 


Licensed 
Mechanics 


Production 
Workers in 


3.77 3.07 4.46 
[3.77] [3.07] [4.46] 
3.98 3.24 4.65 
[3.76] [3.06] [4.39] 
4.24 3.44 4,90 
[3.84] [3.11] [4.44] 
4.56 3.65 5,38 
[4.00] [3.20] [4.71] 
4.84 3.90 5.78 
[3.99] [3.22] [4.77] 
5.22 4.23 6.16 
[3.88] [3.14] [4.58] 
5.97 4.65 7.03 
[4.07] [3.17] [4.79] 
6.54 5.00 7.53 
[4.22] [3.22] [4.85] 


Notes: Real wage rates represent nominal rates divided by the CPI, all items, 1969 = 100. 
In each column, real wage rates are shown in brackets below nominal rates. 
*Average base rate in effect for mechanics in collective agreement between American 


Airlines and Transport Workers Union. 


Average base rate in effect for mechanics in collective agreement between United 
Airlines and Machinists Union. Wages for mechanics at Braniff, Continental, Eastern, 


TWA, and United are similar. 


“Average base rate in effect for mechanics in collective agreement between Western 


Airlines and Teamsters Union. 


4Average hourly earnings of maintenance mechanics in manufacturing, from the 


BLS Area Wage Survey. 


‘Average straight-time hourly earnings of production workers in manufacturing, 


annual averages of quarterly values. 


fAverage base rate in effect for licensed aircraft mechanics in collective agreement 
between Boeing and Machinists Union from the BLS Wage Chronology. 


tates, the contract wage for airline mechan- 
ics is approximately a first-order autoregres- 
sive process, with something less than a unit 
autoregressive coefficient.!° For purposes of 
comparison with the results from a longer 
sample period, column 6 of the table pre- 
sents the same representation of contract 
wage rates fit to an extended sample period 
(1964 to 1978). The addition of seven extra 
years of data has no appreciable impact on 
the estimated coefficients, however. 


See, for example, Ashenfelter’s and my paper 
(1982). A similar specification fit to real straight-time 
average hourly earnings in manufacturing over this sam- 
ple period yields a first-order coefficient of 1.09 (with a 
standard error (SE) of .20) and a second-order coeffi- 
cient of —,26 (SE =.20). 


Columns 2, 3, and 4 of Table 2 contain 
estimates of real wage regressions that in- 
clude lagged values of manufacturing wages 
and consumer prices. Each of these two ag- 
gregate series has strong causal links to con- 
tract wages. The point estimates in column 2 
show that a permanent 1 percent increase 
in manufacturing wages leads to an eventual 
increase in contract wages on the order of 
1 percent, while the estimates in column 3 
suggest that a permanent increase in prices 
leads to a permanent decrease in contract 
wages. In column 4, both prices and manu- 
facturing wages are entered in the regression 
for contract wages. Although the statistical 
significance of the individual coefficients is 
mixed, a test that lagged consumer prices 
improve the forecast of contract wages, given 
lagged manufacturing wages, is marginally 
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TABLE 2—- AUTOREGRESSIVE REPRESENTATIONS OF REAL WAGE RATES? 
Contract Real Wage: 1969:HI-1976:IV Contract Real Wage: 1964:III-1978:IV 
a @® 6) @ © © 0 ©® ©) 
Contract Wage TL 61 63 60 61 69 66 66 66 
(t—1) < (08) (.07) (.08) (.07) (07) (.05) (.05) (.05) (.05) 
Contract Wage —.04 —.04 =,12 —.09 —.12 —.02 —.01 —.03 —.01 
(t-2) (07) (07) (07) (.07) (07) (.05) (.05) (.05) (.05) 
Manufacturing - 2.04 - .14 86 - 1.48 - .70 
Wage (¢~1) (39) (57) (.52) (36) (47) 
Manufacturing - ~1,37 - —1.08 —1.19 - —.95 - —.62 
Wage (t —2) (.40) (.52) (47) (.36) (.44) 
Price Index - - —1.86 ~172 —1.56 - - —1.62 -114 
(t-1) (42) (.64) (59) (.40) (.54) 
Price Index - - 1.45 1.13 94 - - 1.40 96 
(t-2) (49) (53) (.50) (39) (51) 
Employment - - - - —.07 - - - - 
(t-1) (.06) 
Employment ~ - - - 12 - - ~ - 
(t—2) (.06) 
Probability Value 
for Exclusion of: 
Manufacturing Wage -~ .00 ~- AS 06 - .00 - AS 
Consumer Prices - - .00 -04 .03 - - .00 05 


Notes: Regressions include constants, linear trends, and quarterly dummy variables. Coefficients (except constants, 
trends, and seasonals) are restricted to be equal across airlines. Contract wages and manufacturing wages are deflated 
by the Consumer Price Index. Regressions contain airline-specific dummy variables for strike and immediate 


poststrike observations. 
*The standard errors are shown in parentheses. 


significant, while a test for lagged manufac- 
turing wages, given lagged prices, is not quite 
significant at conventional levels. Parallel re- 
sults for the longer sample period (in cols. 7, 
8, and 9) lead to very similar conclusions. 

Finally, column 5 reports the coefficients 
of lagged employment in forecasting con- 
tract wages. The point estimates suggest that 
increases in employment lead to small in- 
creases in real contract wages, although a 
test of the hypothesis that employment fails 
to Granger-cause wages is not significant at 
conventional levels." 

The general pattern of employment for 
airline mechanics is illustrated in Figure 1, 
which gives a time-series plot of departures 
and employment at American Airlines. In 
addition to mechanics’ employment, the 
figure shows quarterly employment levels for 
pilots and flight attendants. One of the most 
interesting features of the data is the extent 


The probability value of the test statistic is 0.12. 


to which employment of these three groups 
of workers is smoothed vis-a-vis departures. 
At one extreme, the number of employed 
pilots is very stable and shows little relation 
to output. At the other, the number of flight 
attendants is quite variable over time. Me- 
chanics fall somewhere between these two 
groups. Fluctuations in departures translate 
into dampened fluctuations in the number of 
employed mechanics. 

Data on flying operations and mechanics’ 
employment are summarized by airline in 
Table 3. The airlines fall naturally into two 
groups: the four largest firms— American, 
Eastern, Trans World, and United—and the 
three smaller firms. Interestingly, the num- 
ber of mechanics per unit of output is quite 
different between the larger and smaller 
airlines. Relative to the employment levels at 
the smaller airlines, the larger airlines have 
60 to 70 percent more maintenance em- 
ployees per departure (or per available seat 
mile). To some extent this may reflect a 
greater reliance on outside contractors to 
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FIGURE 1. EMPLOYMENT AND DEPARTURES: AMERICAN AIRLINES 


perform specialized maintenance operations 
at the smaller airlines. Smoothing of employ- 
ment relative to departures is indicated by 
the smaller coefficient of variation of em- 
ployment for all the airlines except Con- 
tinental and United. A similar conclusion 
emerges from a comparison between de- 
trended and deseasonalized employment and 
departures. With the exception of United 
Airlines, the standard deviation of the loga- 
rithm of employment is about two-thirds as 
large as the standard deviation of the loga- 
rithm of departures, when both series have 
been fitted to a linear trend and quarterly 
dummy variables. 


Table 4 presents a more formal analysis of 
employment variability and its relation to 
departures and wages. Column 1 presents a 
simple AR(2) specification of employment, 
fit jointly to the seven airlines with firm- 
specific trends, constants, and seasonals. 
Employment of airline mechanics displays 
the hump-shaped moving average represen- 
tation that characterizes many aggregate em- 
ployment time-series. The response to a 
unit innovation in employment persists for 


12See Thomas Sargent (1978), for example. 
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TABLE 3— MEANS AND STANDARD DEVIATIONS: DOMESTIC AIRLINE DATA 1969:1-1976:IV 





American Braniff Continental Eastern 


Average Quarterly 
Departures 

Standard Deviation 
of Departures 

Average Quarterly 
Maintenance Employment 

Standard Deviation 
of Employment 

Average Number of Seats 
per Flight 

Average Flight 
Length 

Coefficient of Variation 
of Departures 

Coefficient of Variation 
of Employment 

Ratio of Coefficients 
of Variation- 
Employment /Departures 67 76 

Standard Error of 
Detrended-Deseasonalized 
Log Departures 

Standard Error of 
Detrended-Deseasonalized 
Log Employment 

Ratio of Standard Errors- 
Employment/Departures 67 55 


92980 41230 


9740 2870 
6255 1072 
440 57 
132 116 
713 446 
.105 .070 


.070 .053 


052 .065 


.035 036 


35250 
2370 
1109 


TWA United Western 


119570 70210 140000 37380 


820 4420 14720 1860 ` 


6209 6358 9170 1336 


95 189 223 1002 47 


129 107 126 134 121 


552 476 786 681 549 


.067 049 063 -105 050 


.086 .030 .035 109 .035 


1.28 62 56 1.04 70 


066 052 042 058 040 


041 031 036 081 .031 


62 60 86 1.40 .78 


Notes: Data pertain to domestic operations. Data from quarters with strike activity are removed. The following 
airlines had strikes during the sample period: American (1969:I), Continental (1976:IV), TWA (1973:IV), United 
(1975:IV) and Western (1969:IID). All data are from CAB published and unpublished sources. 


roughly ten quarters. As one might expect 
from Table 3, there is some heterogeneity 
across the airlines in the autoregressive rep- 
resentation of employment, particularly be- 
tween United and the other six carriers. An 
F-test that the coefficients are the same across 
the seven airlines yields a probability value 
of just under .001. 

Column 2 of Table 4 presents the coeffi- 
cients of two lagged values of departures in 
explaining maintenance employment at the 
seven airlines. The coefficients are individu- 
ally significant at conventional levels, al- 
though their joint contribution, summarized 
by the probability value in the last row (c), is 
only marginally significant. Columns 3 and 4 
examine the role of lagged contract wages 
and lagged manufacturing wages in predict- 
ing employment. The evidence that contract 
wages influence employment is relatively 
weak, although the evidence for manufac- 


turing wages is stronger. Finally, column 5 
includes both wage measures together. In 
this equation, increases in contract wages 
have a significantly negative effect on em- 
ployment, whereas increases in manufac- 
turing wages lead to an eventual increase in 
employment.’ 

The results in column 5 are apparently 
robust to several alternative definitions of 
the opportunity wage for airline mechanics. 
In particular, if the manufacturing wage is 
replaced by the average wage of mainte- 
nance mechanics in manufacturing (inter- 
polated from annual BLS Area Wage Survey 


BA comparable regression of employment on con- 
temporaneous departures, contract wages, and manu- 
facturing wages yields a coefficient for contract wages of 
— .034 (SE =.045) and a coefficient for manufacturing 
wages of .061 (SE =.138). 
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TABLE 4--AUTOREGRESSIVE REPRESENTATIONS OF EMPLOYMENT? 








Dependent Variable: Logarithm of Maintenance Employment 


(1) 








Employment 1.16 
a-b (.06) 

Employment — 42 
(t—2) (.07) 

Departures = 
(t-1) 

Departures - 
(1-2) 

Contract Wages - 
(t-1) 

Contract Wages -— 
(t—2) 

Manufacturing Wages - 
C-D 

Manufacturing Wages - 
(1-2) 

Probability Value 

of Exclusion Test for: 
(a) Departures - 
(b) Contract Wages - 
(c) Manufacturing Wages - 


© 6) 4 © 
1.09 1.09 1.09 1.08 
(.06) (06) (.06) (.06) 
— 34 ~.34 — 36 ~ 36 
(.07) (.06) (.06) (.06) 
12 13 14 13 
(04) (04) (04) (04) 
—.10 —.09 Z1 —.09 
(.04) (04) (04) (.04) 
= 02 1 =i 
(04) (04) 
= ~ 06 5 —.10 
(.04) (04) 
5 x — 28 -24 
(16 (16) 
é 2 46 53 
(16) (.16) 
05 04 04 04 
as 27 = Ol 
2 2 03 02 





Notes: All regressions include constants, trends, and quarterly dummy variables. Coefficients 
(except constants, trends, and seasonals) are restricted to be equal across airlines. Wage rates are 
deflated by the CPI. The probability values in the last row (a)—(c) refer to an F-test for the joint 
significance of two lagged values of the indicated variable. 

*The standard errors are shown in parentheses. 


data) or the wage rate for licensed mechanics 
at Boeing (available from the BLS Wage 
Chronology series), the coefficients are very 
similar in size and magnitude to those in 
Table 4, although less precisely estimated. I 
also constructed airline-specific measures of 
the opportunity wage based on earnings of 
maintenance mechanics and unemployment 
rates in cities where each airline has its major 
maintenance base.’* These alternative wage 
measures give the same pattern of results as 
the manufacturing wage rate, although each 
can be rejected as a significant determinant 
of maintenance employment after control- 
ling for the manufacturing wage rate. In this 


14If the appropriate opportunity wage is the wage on 
an alternative job multiplied by the probability of being 
offered that job, then an observable proxy for the 
opportunity wage is (1— U)a, where U is the relevant 
unemployment rate and a is the wage rate of mainte- 
nance mechanics in the relevant city. This wage index 
was suggested by Brown and Ashenfelter. 


paper I therefore use the manufacturing 
wage as the alternative wage rate for airline 
mechanics. 

Table 5 examines the contribution of 
several additional explanatory variables for 
maintenance employment. In each case, the 
employment equation contains two lagged 
values of the explanatory variable listed in 
the column heading, ‘together with lagged 
values of employment, departures, contract 
wages, and manufacturing wages. The first 
four columns present employment equations 
that include alternative aggregate variables: 
consumer prices, real national income, an 
index of CAB-regulated passenger fares, a 
jet fuel price index, and an index of parts 
prices. None of these variables significantly 
improves the prediction of employment, 
maintaining lagged departures and wage 
rates. The next five columns report employ- 
ment regressions that include additional 
airline-specific measures of output: available 
seat miles, revenue-passenger miles, domes- 
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TABLE 5— ADDITIONAL AUTOREGRESSIVE MODELS OF EMPLOYMENT 





Additional Explanatory Variable Included in Employment Regression 


Output Fuel Parts Available Revenue Domestic Total 
Consumer Real Price Price Price Seat Passenger Flight Flight 
Prices GNP Index* Index Index? Miles? Miles® Hours’ Hoursë 





Y © © 0 0 © o) (8) ©) 
Employment 1.03 1.06 1.09 1.07 1.09 1.00 1.07 1.04 1.08 
(t-)) (.06) (.06) (.06) (.06) (.07) (.07) (.06) (.06) (.06) 
Employment ~.31 —33 —.36 —.35 — 34 —.31 —.34 +31 ~ 35 
(t~2) (.06) (.06) (06) (06) (07) (.06) (.06) (.07) (.06) 
Departures 5 13 13 Al 09 25 14 21 18 
(t—-1) (.04) (.04) (.03) (.04) (.04) (.06) (.04) (.08) (.06) 
Departures —.l1 -09 -~—07 —.08  —.07 —.05 —.11 —.11 —.09 
(t~-2) (.04) (.04) (.03) (.04) (.04) (.06) (.04) (07) (.06) 
Contract Wages 02 — 01 01 — .03 01 03 — 02 1 .00 
(t-1) (.04) (04) (.03) (.04) (.04) (.04) (.04) (.04) (.03) 
Contract Wages —.10 —.10 -li —.07 —.11 —.10 —.08 —.10 ~ 08 
(t 2) (.03) (.04) (.03) (.04) (.04) (.04) (.04) (.04) (.04) 
Manufacturing —.53 —.26 —.34 —.14 —.39 ~ Al —.26 — 22 ~ 24 
Wages (¢ ~ 1) (23) (17) (15) (.20) (.18) (.18) (.16) (.19) (17) 
Manufacturing 14 .76 48 64 n 58 59 58 53 
Wages (t ~ 2) (21) (.20) (14) (.20) (.20) (.18) (17) (.19) (17) 
Added Variable — 33 — .08 07 OL 15 — 12 — .03 — 10 ~ 06 
(t-1) (.26) (11) (.07) (.03) (.08) (.04) (.02) (.07) (.06) 
Added Variable 27 — .04 01 02  —.10 — 04 02 .00 —.01 
(t—2) (21) (.10) (.07) (.03) (08) (.04) (02) (.07) (.06) 
Probability Value 
for Exclusion of . 
Added Variable 55 .34 .50 .34 .17 .01 .57 .22 46 





Notes: See notes to Table 4. The standard errors are shown in parentheses. 
ĉ Price index of domestic passenger fare rates set by CAB (constructed by the author). 
b Price index for jet fuel (constructed by the author). 
Price index for commodity group 14: miscellaneous parts and machinery. 
dAvailable seat miles on scheduled domestic passenger routes. 
Revenue passenger miles on scheduled domestic passenger routes. 
‘Aircraft revenue hours in domestic service, including nonscheduled, freight, and scheduled passenger service. 
®Aircraft revenue hours in domestic and international service. 


tic flight hours, and total flight hours (in- nally, while the results are not recorded in 
cluding domestic and international flight the table, I have also computed employment 
hours). Apart from available seat miles, none regressions that include airline-specific fleet 
of these output measures is an important composition variables.> Although these 
determinant of employment, once the level measures of firm-specific capital stock are 
of departures is taken into account. Depar- marginally significant determinants of em- 
tures and available seat miles are highly co- ` ployment, their inclusion has no effect on 
linear, however, and the sums of the coeffi- the nature of the results in Tables 4 or 5. 
cients on departures and seat miles are very The analysis of employment in Tables 4 
nearly equal to the corresponding coeffi- and 5 is restricted to the number of mechan- 
cients of departures when seat miles are ex- 

cluded from the regression. Since the coeffi- 

cients of the other variables are not much 15 airline-specific fleet composition data are available 
affected by the presence or absence of ‘seat on a annual basis from the Federal Aviation Adminis- 


i 3 ‘ tration Statistical Handbook of Aviation. For purposes 
miles in the employment equation, I use of the employment regressions, I interpolated the num- 


departures as the sole measure of airline ber of aircraft of each type of airline by quarter, and 
output in the remainder of the paper. Fi- grouped aircraft into five types. 


1054 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1986 


TABLE 6—AUTOREGRESSIVE REPRESENTATIONS OF DEPARTURES 














Additional Explanatory Variable Included in Departures Regression: 





None Employment 
a) (2) 

Departures 1.07 1.03 

(t-1) (07) (.06) 
Departures —.24 ~ 26 

(t—2) (07) (.06) 
Added Variable - 00 

(t—1) (.06) 
Added Variable - —.05 

0-2 (.06) 
Probability Value 

for Exclusion of 

Added Variable - 35 








Manufacturing Consumer 
Real GNP Wage Prices 
(3) (4) (5) 
91 1.00 1.00 
(.06) (.07) (.07) 
—.22 —.23 — 24 
(.06) (.07) (.06) 
.24 .20 ~.49 
(.16) (.32) (.33) 
— 22 —.08 49 
(17) (32) (33) 
.38 : 69 38 





Notes: See notes to Table 4. The standard errors are shown in parentheses. 


ics on airline payrolls in each quarter. A 
more complete description of labor inputs, 
however, requires information on hours per 
employed worker. Although CAB records do 
not include a direct measure of hours per 
worker, a noisy indicator of hours is avail- 
able from data on average payroll cost per 
worker. Specifically, the ratio of payroll cost 
per worker to the contract wage rate repre- 
sents the sum of straight-time hours per 
worker, average overtime hours per worker 
(weighted by the overtime wage premium), 
and fringe benefit costs per worker (ex- 
pressed as a fraction of the straight-time 
wage rate).!© A regression of this hours index 
on contemporaneous employment and de- 
partures reveals no significant correlation 
with either variable.!’ This absence of corre- 


l6Let E represent payroll cost per worker, let w 
represent the union wage scale, let h, and h, represent 
average straight-time and overtime hours per worker, 
respectively, and let g represent average fringe benefit 
costs per worker, then 


E=wh,+w(lt+o)h, +, 
where w represents the average overtime wage pre- 


mium. The ratio of payroll cost to the contract wage 
rate is therefore 


E/w=h,+(14+ w)h, + g/w. 
17 The coefficient on the logarithm of employment is 


.06 (SE =.06) and the coefficient on the logarithm of 
departures is .02 (SE =.05). 


lation suggests that measured hours vari- 
ation can be safely ignored in the study of 
employment and output. 

The interpretation of employment equa- 
tions that include lagged output variables, 
such as those in Tables 4 and 5, depends 
critically on the time-series representation of 


output. Table 6 presents several alternative 


representations of the level of departures 
activity at the seven airline firms. In each 
case the logarithm of departures is regressed 
on two lagged values of departures and two 
lagged values of the explanatory variable 
listed in the column heading. The coefficient 
estimates of a univariate forecasting equa- 
tion (col. 1) show that departures have a 
monotonically declining moving-average 
representation, rather than the hump-shaped 
representation that characterizes employ- 
ment. Column 2 presents the coefficients of 
lagged employment in a forecasting equation 
for departures, as well as the probability 
value of the associated exclusion test. The 
hypothesis that departures are exogenous to 
maintenance employment is not rejected at 
conventional significance levels. Columns 
3-5 present the coefficients of three alterna- 
tive aggregate variables in the departures 
equations: real output, manufacturing wages, 
and consumer prices. None of these is sig- 
nificantly related to departures activity, how- 
ever, controlling for lagged departures. 
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To conclude this preliminary data analy- 
sis, the main conclusions may be summar- 
ized as follows: 

1) The serial correlation properties of 
firm-specific employment and wage data for 
airline mechanics are very similar to the 
properties of aggregate data. Airline me- 
chanics’ real wage rates follow a first-order 
autoregressive process, while their employ- 
ment levels follow a second-order process. 

2) In the period under study, wage rates 
of airline mechanics were very similar across 
firms and uncorrelated with firm-specific em- 
ployment levels. Real wage rates were sig- 
nificantly correlated with lagged manufac- 
turing wage rates and lagged consumer 
prices. 

3) Employment of airline mechanics is 
correlated with lagged values of contract 
wage rates and lagged values of wage rates 
outside the airline sector. The separate effects 
of these two wage rates are well-determined 
and in opposite directions. The employment 
effect of outside wage rates is apparently 
robust to alternative definitions of the out- 
side wage, although average hourly earnings 
in manufacturing have the strongest correla- 
tion with employment of airline mechanics. 

Building on these conclusions, the next 
section presents an intertemporal contract- 
ing model that provides a framework for 
testing between alternative models of the 
link between wage rates and employment. 


I. Contractual Employment with 
Costly Adjustment 


This section presents a simple extension of 
the static efficient contracting model to an 
intertemporal setting. Adjustment costs are 
introduced on the firm’s side in order to 
generate an employment function with serial 
persistence and cumulative rather than 
instantaneous responses to changes in out- 
put or wages. The resulting function ex- 
presses optimal employment in terms of 
lagged values of employment, output, and 
wages, and provides a convenient framework 
for testing alternative models of employment 
determination. Both the labor demand model 
of employment determination, in which the 
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employer takes contract wages as given, and 
the strong form efficiency model, in which 
the marginal product of labor is equated to 
the alternative wage rate, are obtained as 
special cases of the model. In contrast to 
tests of the efficient contract hypothesis based 
on a static employment function, the time- 
series correlations of employment and wages 
are modeled explicitly, and used to disentan- 
gle the forecasting role of alternative wages 
from any efficient contracting effects. 

For simplicity, the dynamic relationship 
between output, wages, and employment is 
assumed to arise solely from the demand 
side of the contract. Workers are modeled as 
having separable preferences over time, with 
no. interaction between lagged values of 
wages or employment and the ranking of 
current wage-employment pairs. While this 
assumption simplifies the analysis and inter- 
pretation of the dynamic employment func- 
tion, it restricts the role of lagged wages and 
employment in generating current employ- 
ment, and represents an obvious channel for 
further research.1® 

The first step in specifying the contractual 
employment function for airline mechan- 
ics is to specify the link between flight activ- 
ity, maintenance activity, and employment. 
Airline mechanics service and inspect aircraft 
between departures (“line service”) and also 
rebuild and overhaul aircraft components at 
major service intervals.) In either case, a 
variety of substitutes is available for in-house 
mechanics’ services, including outside sub- 
contractors and purchases of new parts and 
equipment. In addition, airlines can sub- 
stitute mechanics’ services over time by add- 


181f workers bear mobility costs of moving between 
contract and alternative employment than presumably 
these costs should be internalized in an optimal employ- 
ment contract. Alan Carruth and Andrew Oswald (1985) 
discuss the formulation of workers’ objectives in an 
intertemporal contracting model. 

19Rach of the seven airlines in this study maintains a 
major maintenance depot where airframes and engines 
can be dismantled and rebuilt. In the industry as a 
whole, mechanics are more or less evenly split between 
line service and major maintenance activities, 
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ing to or running down the stock of airworthy 
equipment. For simplicity, however, I as- 
sume that a given level of flight activity in 
the żth quarter, F, requires a proportional 
input of maintenance activities. I also as- 
sume that that maintenance is produced by a 
combination of in-house employment N, and 
` other inputs M, according to a Cobb- 
Douglas production function 


F,= ANM», 


where y, and y, are positive constants and 
A is a constant depending on aircraft type 
and route structure. The direct cost of main- 
taining a level of flight activity F, with a 
labor force of N, mechanics is therefore 


(1) wN, + ar(N,, F), 


where w, is the contract wage for mechanics, 
q, is the price of other maintenance inputs, 
and r(N,„ E) =A VeN-1/2 FV is the 
input requirement function for nonlabor i in- 
puts, given labor inputs N, and output F,. 

In addition to these direct costs, I assume 
that the firm bears an adjustment cost 
J(N,, N,_;) in period ż that depends on the 
level of employment in ¢ and ¢—1. This 
adjustment cost captures both hiring and 
firing costs, and the cost of rearranging flight 
schedules as the number of employees avail- 
able for line service at each airport is ad- 
justed over time. 

The final ingredient of the employment 
contract is the specification of workers’ pref- 
erences. I assume that preferences in each 
period are represented by a function of con- 
tract wages, employment, outside or alterna- 
tive wages a,, and a random preference shock 
v: U(N,, W, ap vi). Two functional forms are 
considered for U. In the first case, assume 
that M, workers are attached to the firm, 
and that workers are allocated randomly in 
each period between contract employment 
and alternative employment with probabili- 
ties N,/N, and 1—N,/No, respectively. If 
v(x, »,) is a von Neumann-Morgenstern util- 
ity function defined on the level of earnings 
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x, then preferences of a representative worker 
are summarized by 


(2) U(N,, Wh ap »,) 


N, N, 
= m"en) h- | v(a,»,). 


In the second case, following John Pencavel 
(1984), assume that workers’ preferences can 
be summarized by a Cobb-Douglas function 
of employment and the gap between con- 
tract and alternative wages: 


(3) U(N,, Wisan v) 
= k(»,) N” (w,- ae 


Both of these specifications contain as a 
special case the “excess earnings” objective 
N(w,—a,) associated with an income-maxi- 
mizing union.’ 

Under the assumption that current and 
future flight activity are exogenous to main- 
tenance employment, an optimal contract 
minimizes the expected present value of em- 
ployer’s costs, subject to an expected util- 
ity requirement for workers. Assuming that 
employers and workers have a constant dis- 
count rate (8 <1), the level of employment 
and wages in period ¢ solves 


(4) min E x p” Twi, t+j 
w N, j=0 


+ G14 j? (Maj. F.,;) + J(N, +; Nagad] , 


subject to 


[ee] 
E Ñ, BIU(N, 3j, Wijs araja Vey) 2U- 


j=0 


2For the expected utility specification, set v(x,, ¥,) 
= x,. For the Cobb-Douglas specification, set k(v,) =1 
and 6, = 0, =1. Income maximization is an appropriate 
objective for workers as a group if there are no con- 
straints on the internal distribution of earnings or em- 
ployment opportunities among the group. 
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In these expressions expectations (denoted 
E) are taken over the joint distribution of 
the entire sequence of future flight activity, 
input prices, alternative wages, and prefer- 
ence shocks. The solution to this con- 
strained-optimization problem can be ob- 
tained as the solution to the Lagrangian 
expression 


se] 
(5) min E D [wN 
p” jo 


+ eat (Neaje Fey) + IMs Ney) 
üi pU(N, 4; Witjs Frtjs va)h 


for some positive constant p. 

In contrast to the efficient contracting 
model, which views employment and wages 
as jointly determined, the traditional labor 
demand model treats employment as de- 
termined unilaterally by the firm, taking 
contract wages as given. In this case, 
observed employment solves the employes: s 
cost-minimization problem 


(6) mme > P [wes t+j 


N, j=0 
+ Irajt (Maj, Fa) + I(N 4.35 Nia j-1)| ’ 


directly, subject to the forecasting equations 
for flight activity, input prices, and contract 
wages. A comparison of equations (5) and 
(6) reveals two important differences be- 
tween the efficient contract and labor de- 
mand models. First, the efficient contract 
model treats wages and employment as 
jointly endogenous. Second, while alterna- 
tive wages enter the contracting model di- 
rectly through workers’ preferences, in the 
labor demand model the only role of alterna- 
tive wages is in the forecasting equation for 
future contract wages. 

Before deriving the employment functions 
associated with the contracting and labor 
demand models, it is useful to characterize 
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the wage function implied by the efficient 
contracting model. In particular, it is inter- 
esting to ask if a contracting model which 
considers wages and employment as jointly 
determined can ever lead to the prediction 
that wage outcomes are independent of pre- 
vious employment levels. The empirical anal- 
ysis in Section I suggests that this is an 
important characteristic of contract wage 
rates for airline mechanics. 

The first-order condition for wages in 
period t+ j for the contracting model (5) is 


(7) Nia jp BU, ( Nj Wiaj Grtjs Maj) = 0. 


From this equation it is evident that the 
choice of contract wages in t+ j is indepen- 
dent of employment if workers’ preferences 
are linear in employment: say, 


U(N,w,a,v) =Nf(w,a,?). 


In that case, the first-order condition (7) has 
the simple form 


Bfe (Wizy ay +5s Piaj) =], 


with the implication that contract wages are 
determined in each period independent of 
employment or wage choices in any other 
period. Since the evidence in Section I sug- 
gests that contract wages are unrelated to 
past employment, the assumption that work- 
ers’ preferences are linear in employment 
is plausible as well as convenient, and will 
be adopted here. The expected-utility pref- 
erence specification (3) imposes linearity 
a priori.” For the Cobb-Douglas specifica- 
tion (4), linearity implies a within-period ob- 
jective of the form N,(w,—a,)°, where 0 
=6,>0 may be either greater than or less 
than unity. 


21 The expected utility preference specification is lin- 
ear in employment under the assumption that the prob- 
ability of employment is proportional to the actual level 
of employment. 
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Specializing the first-order condition (7) to 
these two preference specifications leads to 


(8a) BY, (Wass Yay) =1, 


in case of expected utility preferences, and 


(80). (,)4O wiy any) =, 


in case of Cobb-Douglas preferences. The 
expected utility specification implies that real 
contract wages are constant over time, apart 
from changes in the preference shock v or 
random measurement errors. The Cobb- 
Douglas specification, on the other hand, 
suggests that contract wages maintain a con- 
stant (absolute) differential over alternative 
wages. For example, if k(v,) = }~® and », is 
first-order autoregressive, then equation (8b) 
implies 


wW,= Ww, + a,~ ôa,- t vi, 


where ô, is the first-order autocorrelation 
coefficient of v, and v/=v,—5,»,_, is seri- 
ally uncorrelated. Comparison of this equa- 
tion with the fitted regressions in Section I 
suggests that the first-order condition (8b) 
may provide a useful model of the contract 
wage determination process for airline me- 
chanics. 

The assumption that workers’ preferences 
over employment and wage outcomes are 
linear in employment simplifies the analysis 
of contractual employment setting. Let w*,; 
represent the solution to. equation (8a) or 
(8b). Since contract wages are unrelated to 
past employment decisions, the optimal level 
of contract employment in ¢ solves 


(9) ming 


J] wy* 
B [wie May 
t =f =0 


+ Hel N. 53 Fa) ae J(N, 4j» Negei) 
= BUN, 4.;5 Wraps 4 14)| 


subject to the forecasting equations for flight 
activity, alternative wages, preference shocks, 
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and optimized contract wages.” If employ- 
ment fails to Granger-cause wages, the con- 
tract employment function can be obtained 
by taking the contract wage as exogenous. In 
this case, the labor demand model of em- 
ployment determination (6) is a special case 
of the contracting model (9) with p = 0. 

In order to derive the contract employ- 
ment function when there are costs of chang- 
ing employment from period to period, it is 
convenient to proceed in two steps. The first 
is to derive the optimal employment level in 
the absence of adjustment costs. The second 
is to derive the actual employment decision 
by comparing the costs of changing employ- 
ment over time with the cost of sub- or 
superoptimal employment in each period.” 
For simplicity, these two cost components 
are expressed as quadratic functions of the 
logarithm of employment, yielding an em- 
ployment function that is linear in the loga- 
rithms of employment, output, and wages. 

The optimal employment choice in the 
absence of adjustment cost can be obtained 
from the first-order condition for the con- 
tracting problem (9), setting the adjustment 
cost component to zero: 


(10) Wray t djin (Nias Fa) 
= HUn (Nijs Witjs Artjo Vaj) =0. 


For the expected utility specification of 
workers’ preferences, this first-order condi- 
tion implies 


a Qisjtn(Neajs Fes) 
= Wie u(o(w,;)- v(4,,,;)); 


where for simplicity I have suppressed the 
dependence of v on the preference shock »,. 
The term on the left-hand side of this equa- 


22Since w, is a function of a, and r, say w,= 
g(4,,%), rational forecasts for wž,; satisfy Ew, ;= 
Egarri iaj) 

23 John Kennan (1979) provides a useful discussion of 
this two-step procedure. 
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tion represents the marginal value product of 
labor, measured by the savings in nonlabor 
input costs as employment is increased by 
one unit. The marginal value product of 
labor is equated to the current contract wage, 
minus a premium that depends on the gap 
between contract and alternative wages. 
Using the properties of the optimal contract 
wage (equation (8a)), the appropriate shadow 
value of mechanics’ labor is 


Si4; = Wray B(0(W14j)— v(4,4,)) 


= v(W,4;)— v(4,,;) 


=W; tl 
yas W 4 jPy(W4,) 

If the expected utility function v is linear in 
earnings, then the expression for the shadow 
value of labor reduces to a, +j the alterna- 
tive wage rate. More generally, using a sec- 
ond-order expansion for v(a,,;) around 
Wrap the shadow value of labor in the ab- 
sence of adjustment costs is approximately 


(11a) S,.;=4,4;(1+ 67)—daw,,.;, 


where ô is the coefficient of relative risk 
aversion of the utility function v(ô > 0) and 
a represents the average markup of the opti- 
mal contract wage over the alternative 
wage.”* If workers’ preferences have the 
expected utility form, the shadow value 


24 Dropping time subscripts, expand v(a) = v(w)+ 
(a — w)v’'(w)+ 3(a— w)?v"(w), and write 


v(w)- xa) 


s=w(1- wa) 





where 8 = — wo'(w)/u’'(w). Next, linearize ((w — 
a)/w)* around z, where w is the average markup of 
w over a: 


((w-a)/w) =2r((w-a)/w)- r. 
Substituting this expression into the expression for S 


and assuming that 7*4 is neglible yields S$ = a(1 + 67)— 
wêr. 
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of labor in an optimal contract is decreas- 
ing in the contract wage. As noted by Ian 
McDonald and Robert Solow (1981), this 
specification of workers’ preferences implies 
that efficient combinations of employment 
and wages are positively correlated across 
otherwise identical contracts. 

For the case of Cobb-Douglas preferences, 
the first-order condition for employment in 
the absence of adjustment costs is 


g derjfy (Naap Faa) 


8 
SWT pk (ra) (Wij a a,j) : 


Again, the shadow value of labor in the 
optimal contract is lower than the contract 
wage. Using the first-order condition (8b) for 
the optimal contract wage in period ¢+ j, 
the shadow value of labor is 


(11b) Sij = a,,;(1/8)+ W.4;(1—(1/8)). 


For values of @ less than unity, this expres- 
sion is identical to (11a). For values of @ in 
excess of unity, however, the Cobb-Douglas 
specification implies that S, is increasing in 
both the contract and the alternative wage. 

In view of the similarity of (lla) and 
(11b), it is straightforward to derive the opti- 
mal level of employment in period ¢ for 
either specification of workers’ preferences. 
Assuming that arithmetic and geometric 
averages of contract and alternative wages 
are equal, the logarithm of the appropriate 
shadow value of labor is 


(12) log S,=alogw,+(1—a)loga,, 


where a=1-1/6 in the Cobb-Douglas 


specification of workers’ preferences, and a 
= — 78 in the expected utility specification. 
In a strong form efficient contract where 
workers’ objectives are summarized by the 
value of “excess earnings,” N,(w,-4,), a 
=0. In the labor demand model, on the 
other hand, the relevant opportunity cost of 
labor is the contract wage and a =1. Substi- 
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tuting equation (12) into the first-order con- 
dition for employment in the absence of 
adjustment cost and taking logarithms yields 
the optimal employment level 


(13) log N,* = constant + b; log F, 
+ b log w, + b,log a, + b,log q,, 


where b)=1/(¥, +Y) b=- ay /(Y + 
Y2) b;=—-(0-a)y/(yı ty) and b,= 
Y2/(Yı + Y2). In effect, N,* is the level of 
employment observed on the firm’s labor 
demand curve when output is F, and the 
wage rate is a weighted average of the al- 
ternative wage a, and the contractual wage 
Wp 

The cost of maintaining a level of flight 
activity F, with a labor force N, + N,* can be 
obtained from a second-order expansion of 
the appropriate cost function. Let 


c(N,) =w,N,+ qr (N,, F)- nU(N,, Wis a,) 


denote the cost (net of the contribution to 
workers’ utility) of maintenance activities in 
quarter /, excluding adjustment costs. Using 
the fact that c’(N,*) = 0, 


c(N,) = c(N,*)+(N, ~ N*)c'(N*) 
+3(N,—N,*)'c”(N,*) 
= c(N,*) + $c (log N, —log N,*), 


where c,, represents a second-order expan- 
sion coefficient when deviations of N, from 
N,* are taken in proportionate terms.” I 
assume that this approximation continues to 
hold when c, is replaced by its sample aver- 
age value c}. 


Equation (13) can also be written in terms of 
alternative wages and the preference shock variable v, 
using the first-order condition for contract wages. For 
purposes of forming forecasts of future values of N,*, 
however, it is convenient to express the employment 
equation in terms of w,, since the forecasting equation 
for w, is directly observable. 

6In the Cobb-Douglas case, cı, is proportional to 
the value of nonlabor inputs at the optimal level of 
labor inputs. 
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The optimal employment choice in period 
t can be obtained by combining the preced- 
ing expression with the adjustment cost terms 
J(N,4;.Ni4;-1). For convenience I assume 
that the costs of changing the labor force are 
related to the proportional change in em- 
ployment by 


TN oN cy) 


2 
= $e, (log N,.;— log Ni+j-1) . 


The assumption of equal adjustment costs 
for equiproportional increases and decreases 
in employment is particularly restrictive, but 
is required for empirical tractibility. 

With this setup, it is straightforward to 
derive the dynamic employment equation for 
airline mechanics. The choice of current em- 
ployment minimizes the following quadratic 
expression: 


(4) EÈ pelnas) 


1 oe 
+ zalog N,„;— log NS) 


1 2 
+ 702 (log M4, —log N,..;-1) . 


The solution to this class of problems is 
well-known and can be summarized by the 
partial-adjustment equation 


(15) log N,=Alog Ny 
hae Y 
+(1=A)(1—A8) X (AB)"E,log N,$;, 
j=0 
where À is a root to the quadratic equation 


+> =0 


E eh 1 
x- B B 


lying between 0 and 1. According to equa- 
tion (15), observed employment represents a 
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weighted average of last period’s employ- 
ment and the discounted average of expected 
future values of N,*. The adjustment param- 
eter A reflects the relative size of the coeffi- 
cients c, and c,. The larger is c,, the more 
costly is labor force adjustment, and the 
larger is \.2’ 

The solution for N, can be obtained by 
substituting from equation (13) for log N,* 
into (15). The resulting expression translates 
log N, into a function of log N,_,, and dis- 
counted averages of expected future values 
of log F, logw,, loga, and logg, These 
expressions can in turn be written as func- 
tions of current and past values of wages 
and departures, and current and past values 
of all variables useful in predicting wages or 
departures. ` i 

The presence of unobserved error compo- 
nents in the static employment function (13) 
introduces an additional consideration into 
the formulation of the dynamic employment 
function. Suppose that equation (13) con- 
tains a stochastic productivity effect e,. Then, 
excluding constants, the dynamic employ- 
ment function is 


(16) log N,=Alog.N,_; +(1-A)(1—AB) 


oo : 
xX (A8) E, [bilog F,+; + bilog w,4, 
j=0 


+ b;log a,,; + balog q4; + Erl- 


An empirically useful hypothesis is that the 
error component e, is first-order autoregres- 
sive.” In particular, let 


E, = pe, + §,, 


where §&, is serially uncorrelated, and strictly 
exogenous to flight activity, employment or 


27The adjustment parameter À is related to the ratio 
of c to e by ¢ fey =(1— A) —AB)A“?. 

?8Sargent suggests this hypothesis as a means of 
generating a second-order autoregressive model for em- 
ployment from a cost-of-adjustment model. 
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wages. Then 


(1-A8) È (08)/Be4= ap 
= P ECR 
j 5 mit] 1 ie 2 À B p t 
which introduces a first-order autoregressive 
error into the dynamic employment function 
(16), and generates a second-order auto- 
regressive representation of employment. 

. The terms on the right-hand side of equa- 
tion (16) depend on the definitions and fore- 
casting equations for alternative wages, flight 
activity, nonlabor input prices, and contract 
wages. On the basis of the evidence reported 
in Section I, I assume that the alternative 
wage for airline mechanics is represented by 
the average hourly wage rate in manufactur- 
ing (apart from trend and seasonal factors). 
As a measure of flight activity, I use the level 
of domestic departures. Finally, for lack of 
suitable data, I assume that nonlabor input 
prices (q,) are captured by trend and sea- 
sonal factors. This assumption is especially 
problematic if the main substitute for in- 
house employment is subcontracted mainte- 
nance, and if the price of subcontracted 
maintenance is correlated with mechanics’ 
wage rates. 

Building on the results in Section I, I 
adopt the following second-order autoregres- 
sive forecasting system for detrended and 
deseasonalized departures, manufacturing 
wages, contract wages, and consumer prices: 


(17a) log F, = $,log F_, + @,log F,_. + uy, 
(17b) loga,=a,loga,_,+a,loga,_, 

+ alog p,_,+ a,glog p,_. + uzp 
(17c) logw,=68,logw,_,+ d,logw,_» 

+ Plog a,_, + zlog a,_, 

+ palog p,1 + Walog Pia + tzr 
(17d) log p, = mlog p,_1 

+ mlog p,_. + mlog a,_1 


+ malog a,_4 + tg, 
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where the vector of residuals (uj, Uz, 
U3,,U4,) is assumed to be serially uncorre- 
lated. In this forecasting system, aggregate 
prices and manufacturing wages depend on 
their own lagged values and lagged values of 
each other, while departures are forecast by 
a univariate second-order autoregression: 
Contract wages depend on their own lagged 
values as well as lagged values of manufac- 
turing wages and consumer prices. The fore- 
casting equation for contract wages can be 
interpreted as a log-linear approximation to 
the first-order condition (7) for optimal con- 
tract wages, although I do not restrict the 
coefficients of the equation in any way. The 
evidence that alternative wages help forecast 
contract wages is more consistent with the 
Cobb-Douglas preference specification than 
the expected utility specification, although 
neither model provides a ready interpreta- 
tion of the role of prices in forecasting con- 
tract wage rates.” 

The system of second-order forecasting 
equations (17) generate the following expres- 
sions: 


(18a) (1-AB) È (A8) Elog F.,; 
r, j=0 
= B,,log F, + B,,log F1, 


(asd) (1-18) È (A8) Eogan 


j=0 
= Bloga, + Blog a,_, 
+ By,log p, + Baglog p,_,, 


(18c) (1-Ag) y (AB)/E,log w+; 


j=0 
= B log w, + Blog w,., 
+ B,,log a, + By,log 4,1 
+ B,slog p, + B36108 p,_1, 


2°The theoretical model assumes that contract wage 
rates are adjusted every period, whereas mechanics wage 
rates are set in two- or three-year nominal contracts. 
This suggests that there may be a cost of adjusting 
contract wage rates that is missing from the model. 
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where the B,; are known functions of the 
coefficients in equations (17a)~(17d). Sub- 
stituting these equations into (16), perform- 
ing a transformation to eliminate serial cor- 
relation in the productivity shock e, and 
using (17a)—(17d) to substitute for current 
values of departures, prices and wages in 
terms of lagged values and innovations in 
these variables yields the reduced-form em- 
ployment equation implied by the model. 
This reduced form contains two lagged val- 
ues of employment, and each of the exoge- 
nous variables (including contract wages), as 
well as a residual that is a combination of 
the unanticipated productivity shock é, and 
the current forecast errors Ui, Urp uzp and 
uy, The coefficients of the reduced-form 
equation depend on the coefficients of equa- 
tions (16) and (18), the adjustment parame- 
ter A, and the serial correlation coefficient p 
of the unobserved productivity shock.*° The 
dynamic properties of employment, how- 
ever, depend solely on A and p. The first- 
order autoregressive coefficient of employ- 
ment is the sum of A and p, while the 
second-order autoregressive coefficient is the 
negative of their product. 

To illustrate the implications of the model 
for the reduced-form employment equation, 
it is useful to consider two polar models of 
employment determination: the labor de- 
mand model in which the relevant opportu- 
nity cost of contract labor is the contract 
wage; and the strong form efficient contract 
model in which the relevant opportunity cost 
is the alternative wage rate. In the labor 
demand model, b, = 0 in equation (16) and 
the alternative wage effects employment only 
through the forecasting equation for contract 
wages. If future contract wages depend posi- 
tively on manufacturing wages, for example, 
then employment should depend negatively 
on manufacturing wages, at least in the long 
run. The evidence in Tables 2 and 4, how- 
ever, shows that manufacturing wages have a 
positive long-run impact on contract wages, 
and a positive long-run effect on employ- 


30A detailed derivation of the reduced-form employ- 
ment equation is presented in Appendix I. 
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ment. In the strong form efficient contract, 
on the other hand, N,* is independent of 
contract wages and depends only on the 
level of alternative wages. This model is also 
rejected by the unrestricted employment re- 
gressions in Table 4, which show a negative 
impact of contract wages on employment, 
holding constant manufacturing wages. More 
formal tests between these two polar models, 
and tests of the overidentifying restrictions 
implied by the general contracting model, 
are presented in the next section. 


Ill. Empirical Analysis of the Dynamic 
Contracting Model 


The model of employment determination 
developed in Section II consists of the pre- 
diction equations for contract wages, alter- 
native wages and departures (equations 
(17a)—(17d)), together with the reduced-form 
employment equation implied by (16). This 
section presents estimation results based on 
fitting this five-equation system to aggregate 
quarterly data on manufacturing wages and 
consumer prices as well as firm-specific data 
on contract wages, employment, and depar- 
tures for the seven airline firms. For simplic- 
ity, the firm-specific data are deseasonalized 
and detrended prior to estimation. This per- 
mits unrestricted airline-specific constants, 
trends, and seasonals to be fitted outside of 
the main estimation step, at the cost of some 
potential bias in the estimated standard er- 
rors. 

In addition, rather than estimate equa- 
tions for the airline-specific data and the 
aggregate data simultaneously, I have esti- 
mated the manufacturing wage and con- 
sumer price equations separately over a 
longer sample period (1964:III~1978:IV), 
and then used the estimated parameters as 
known constants in the calculation of the 
restricted employment equation. The model 
is therefore treated as a three-equation sys- 
tem for employment, wages, and departures, 
with known forecasting equations for ag- 
gregate wages and prices. 

The employment, wage, and departures 
equations for each of the seven airline firms 
(21 equations in all) are fitted to detrended 
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and deseasonalized data by a two-step non- 
linear generalized least squares procedure.*! 
The second-stage estimates minimize the 
weighted residuals of the twenty-one-equa- 
tion system, using as weights the inverse 
covariance matrix formed by the unre- 
stricted least-squares residuals. Following 
A. Ronald Gallant and Dale Jorgenson 
(1979), a goodness-of-fit test is constructed 
by comparing the weighted sum of squares 
of the restricted model to the weighted sum 
of squares of the unrestricted model. 

Unrestricted vector-autoregressive repre- 
sentations of airline-specific departures, 
wages, and employment are presented in the 
first two columns of Table 7. Column 1 
contains estimates of the three-equation sys- 
tem when lagged prices are excluded from 
the wage and employment equations, while 
column 2 contains estimates of the system 
when lagged prices are included in these two 
equations. The coefficient estimates are very 
similar to the corresponding estimates in 
Tables 2, 4, and 6 obtained by fitting the 
system equation-by-equation to unadjusted 
data. 

Columns 3 and 4 contain the restricted 
reduced-form parameter estimates associated 
with the labor demand version of equation 
(16). The corresponding structural parameter 
estimates are presented in columns 1 and 2 
of Table 8. In this version of the contracting 
model, the relevant opportunity cost of labor 
is the contract wage rate, and manufacturing 
wages enter the employment equation for 
airline mechanics only insofar as they help 


314s an alternative to this estimation procedure, the 
model can also be estimated by applying instrumental 
variables techniques to the first-order condition for con- 
tract employment. The instrumental variables procedure 
has the advantage that closed-form solutions for the 
optimal employment choice are not required. The ex- 
plicit solution procedure adopted here, on the other 
hand, has the advantage of offering a direct interpre- 
tation of the reduced-form system for departures, wages, 
and employment. i 

32 These unrestricted representations incorporate a 
variety of exclusion restrictions (for example, lagged 
employment is not included in the departures equation). 
Conditional on these exclusion restrictions, however, 
the estimates are unrestricted. 
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TABLE 7— REDUCED-FORM PARAMETER ESTIMATES FOR DEPARTURES, WAGES, EMPLOYMENT: 
SEVEN DOMESTIC AIRLINES 1969:III-1976:1V* 


Restricted Reduced Forms? 





Strong Form General 
Unrestricted Reduced Forms Labor Demand Model Efficient Contract Model Model 
@) Q) @) @ 6) © g 
Departures Equation: ; 
Departures . 1.08 1.06 1.09 1.10 1.09 1.10 1.13 
(t-1) (.16) (.16) (15) (14) (.15) (.13) 12 
Departures —.27 — 26 — 30 — 28 ~ 30 ~ 29 —,33 
(t-2) (13) (.13) (11) ` (14) (11) (.09) (.09) 
Wage Equation: : 
Contract Wages 62 62 62 64 62 64 68 
(t-1) (.17) (16) (17) (.13) (17) (.12) (.15) 
Contract Wages —.08 —.12 —.07 —.14 —.08 ~.14 © —.19 
(t-2) (.16) (15) (.16) (11) (16) (10) (12) 
Manufacturing Wages 1.43 70 1.39 59 1.37 58 65 
(t-1) (77) (99) (.76) (.63) (.73) (.59) (.71) 
Manufacturing Wages —.59 ~ 85 — 62 — .80 — 57 — 85 —.50 
(t-2) CTH (.96) (.70) (.61) (.66) (.55) (.69) 
Consumer Prices - ~1.21 - —1.22 - —1.25 —1.01 
(1—1) (1.12) (1.68) (.82) (.90) 
Consumer Prices - 62 - 63 - 63 56 
(t—2) f (.96) (.60) (71) (.78) 
Employment Equation: 
Employment : 1.01 1.01 1.04 1.05 1.03 1.05 1.07 
(@t-) (.13) (.14) 
Employment —.29 — 30 — 26 —.27 —.26 —.27 —.28 
(t—2) (11) (.12) 
Departures 15 14 AS 13 14 13 15 
(¢-1), (.07) (07) 
Departures —.10 ~.10 —.09 — .08 —.09 —.08 —.09 
(=2) (.06) (07) 
Contract Wages .05 05 —.01 .00 0.0 0.0 .00 
(t—1) (.07) (.08) 
Contract Wages —.15 — 14 .00 —.01 0.0 0.0 —.02 
(t—2) (.07) (.07) 
Manufacturing Wages —.35 —.30 .02 .00 06 .00 AL 
(t-1) (.27) (40) 
Manufacturing Wages : 67 10 —.01 —.01 —.02 .00 — .06 
(t—2) (.29) (.36) 
Consumer Prices - O7 ~ — 02 - 01 O01 
(t=) (50) 
Consumer Prices - — .03 - 01 - O01 — .07 
(t-2) (37) 
Log Likelihood — 209.85 — 194.03 —225.09 —208.08 -225.32 ~206.09 — 204.26 


Estimated on detrended and deseasonalized data. Observations from strike and immediate poststrike periods are 
deleted. Estimates are from the second stage of a two-step generalized least squares procedure. The standard errors are 
shown in parentheses. 

PRestricted reduced forms are conditional on parameter estimates for consumer price and manufacturing wage 
equations. The estimates in cols. 3 and 4 correspond to the structural estimates in cols. 1 and 2 of Table 8. The estimates in 
cols. 5 and 6 correspond to the structural estimates in cols. 3 and 4 of Table 8. The estimates in col, 7 correspond to the 
structural estimates in col. 5 of Table 8. 
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TABLE 8— PARAMETER ESTIMATES FOR PARTIAL-ADJUSIMENT EMPLOYMENT EQUATION: 
SEVEN DOMESTIC AIRLINES 1969:I1-1976:IV° 
Strong Form General 
Labor Demand Model Efficient Contract Model Model 
Prices Prices Prices Prices Prices 
Excluded Included Excluded Included Included 
(1) @) 6) (4) (5) 
Partial-Adjustment 44 44 44 44 49 
Parameter (A) (.22) (21) (.22) (.21) (.24) 
Serial Correlation 60 61 60 60 57 
Parameter (p) (23) (22) (.23) (.22) (.26) 
Output Elasticity 77 66 .10 67 16 
(b,) (.41) (.30) (37) (.29) (.30) 
Contract Wage 03 03 0.0 0.0 38 
Elasticity (b,) (.05) (.03) (91) 
Alternative Wage 0.0 0.0 .29 —.05 ~1.02 
Elasticity (b4) (1.34) (.95) (2.44) 
Log Likelihood — 225.09 — 208.08 — 225,32 — 206,09 — 204.26 
Goodness-of-Fit 
against Unrestricted 30.48 28.10 30.94 24.12 20.46 
Model? [.000] [.000] {.000] [.000] [.001] 


*See notes to Table 7. The standard errors are shown in parentheses. Estimates in cols. 1 and 3 are based on a 
forecasting equation for contract wages that excludes consumer prices. Estimates in cols. 2, 4, and 5 are based on a 
forecasting equation for contract wages that includes manufacturing wages and consumer prices. Estimates are 
conditional on parameter estimates for consumer price and manufacturing wage equations. 

> Probability value is shown in brackets. The models in cols. 1 and 3 have 4 degrees of freedom. The models in cols. 


2 and 4 have 6 degrees of freedom. The model in col. 5 has 5 degrees of freedom. 


to predict future contract wages. The model 
is therefore an application of Thomas Sar- 
gent’s dynamic employment demand model 
to firm-specific data, with output taken as 
exogenous. The two alternative specifications 
of the labor demand model differ by whether 
or not lagged prices are used to forecast 
future contract wages and future alternative 
wages.” 


33Tø estimate the reduced-form employment equa- 
tion, I set the quarterly discount rate 8 to .99. When 
prices are included in the forecasting equations for 
wages, I use the following forecasting equations for 
aggregate manufacturing wages (a,) and consumer 


prices (p,): 
log a, = .70log a,_, + O2 log a,_2 
— 52log p,_; +.47log p,_» 
log p, =1.79 log p,_ , — -78log p,_3 
- ALlog 4,_1 + O2log a,_3. 


When prices are excluded from the wage forecasting 


The estimated wage elasticities (parameter 
b,) for the labor demand model are small 
and positive, and insignificantly different 
from zero. A comparison of the restricted 
reduced forms in columns 3 and 4 with the. 
unrestricted reduced forms in columns 1 and 
2 suggests several difficulties with the re- 
stricted fit. First, the labor demand model 
cannot explain the opposite signs of contract 
and manufacturing wages in ‘the reduced- 
form employment equation, given that fu- 
ture contract wages are positively correlated 
with manufacturing wages. Second, in the 
specification of the model that includes prices 
in the forecasting equation for contract 
wages, the relatively small effects of prices 
on employment are difficult to reconcile with 


equation, I use the following forecasting equation for 


manufacturing wages: 


log a, =1.09log a,_, — .26log a,_>. 
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the relatively large effects of prices on 
expected future contract wages. The good- 
ness-of-fit statistics in the last row of Table 8 
suggest that the labor demand interpretation 
of the employment-wage-output system is 
strongly rejected by the data. 

In contrast to the poor performance of the 
model in summarizing the effects of wages 
on employment, the linkage between depar- 
tures and employment is more successfully 
explained. The estimated (long-run) output 
elasticity of employment is between .60 and 
.80 and is not significantly different from 
unity. The AR(2) structure of employment is 
also apparently well-captured by the combi- 
nation of adjustment costs and first-order 
serial correlation in demand: a comparison 
of the restricted and unrestricted reduced- 
form autoregressive parameters reveals only 
small differences between them. 

Parameter estimates for the strong form 
efficient contract model, which takes the 
alternative wage rate as the opportunity cost 
of labor and excludes contract wages from 
the employment equation altogether, are 
presented in columns 3 and 4 of Table 8. 
The associated reduced forms are contained 
in columns 5 and 6 of Table 7. Again, a 
comparison of the unrestricted and restricted 
reduced forms shows that the model has 
trouble explaining the effects of manufactur- 
ing wages on employment. When prices are 
not used to forecast future manufacturing 
wage rates, the implied estimate of the elas- 
ticity of demand is .29. When prices are 
included in the wage forecasting equation, 
on the other hand, the estimated elasticity of 
demand is — .05. As is the case for the labor 
demand model of employment determina- 
tion, the dynamic link between wages and 
employment is not well explained by the 
strong form efficient contract model, al- 
though the departures-employment relation- 
ship is reasonably well explained by either 
model. 

Finally, estimates of a general contracting 
model that permits the shadow value of labor 
to depend on a weighted average of contract 
and alternative wages are presented in the 
last columns of Table 7 and Table 8. In this 
general model, prices are included in the 
forecasting equations for contract wages and 
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manufacturing wages. A version of the model 
that excluded prices from the wage equa- 
tions proved to be unidentified.” Although 
the general contracting model fits better than 
either polar model, the estimated wage elas- 
ticities of employment are poorly determined 
and not significantly different from zero. 
Again, the implied reduced-form coefficients 
of contract and manufacturing wages in the 
employment equation are different from the 


- unrestricted coefficients, and the goodness- 


of-fit test against the unrestricted model is 
highly significant. 

The point estimates imply that mechanics’ 
employment responds negatively to increases 
in their alternative wage rate, as measured 
by the manufacturing wage rate, and posi- 
tively to increases in their contractual wage 
rate. The latter effect, which may be taken as 
weak evidence for a positive correlation be- 
tween contract wages and employment, is 
consistent with either the expected utility 
preference specification (2) and some degree 
of risk aversion, or the Cobb-Douglas 
specification (3) with 9 <1. From equation 
(13), the elasticity of employment with re- 
spect to the contract wage is b, = ay and the 
elasticity of contract employment with re- 
spect to the alternative wage is b, = (1— a)n, 
where »=— y,/(7,+ Y2) is the constant- 
output employment elasticity associated with 
the Cobb-Douglas maintenance technology, 
and a is the relative weight of contract wages 
in the expression for the shadow value of 
labor. The point estimates in column 5 of 
Table 8 imply a=—.59 and » =.—64, al- 
though the estimates are extremely imprecise 
and insignificantly different from zero. For 
the expected utility specification of workers’ 
preferences, the coefficient — a represents 
the product of the relative risk-aversion 
coefficient (6) and the average markup of 
contract wages over alternative wages (7). If 
the latter is about .25, the implied estimate 
of the relative risk-aversion coefficient is 


34When prices were excluded from the forecasting 
equation for contract wages, the sum-of-square function 
contained a very flat ridge in the b, — b, plane. The fit 
of the model was essentially unchanged with b, large 
and negative and b, large and positive, so long as their 
ratio was approximately —.60. 


VOL. 76 NO. 5 


about 2.4. For the Cobb-Douglas preference 
specification, the coefficient a is an estimate 
of (1—(1/8@)). The implied value of 8 is .63. 
These estimates are not unreasonable, al- 
though their imprecision is disturbing, as is 
the failure of the reduced form of the model 
to reproduce the unrestricted reduced form 
of the data. 

Overall, none of the models considered in 
this paper gives a particularly good fit to the 
data, particularly with respect to the coeffi- 
cients of contract or manufacturing wages. 
In addition, the fact that real contract wage 
rates and real manufacturing wage rates are 
both heavily influenced by lagged consumer 
prices is not easily reconciled with the ab- 
sence of price effects on employment.” A 
more flexible model of the interactions be- 
tween contract and alternative wage rates, 
on one hand, and employment, on the other, 
is apparently needed to describe the data. 


IV. Conclusions 


This paper presents an analysis of firm- 
specific employment and wage outcomes for 
airline mechanics at seven firms during the 
period 1969-76. The data possess many of 
the familiar properties of aggregate wage 
and employment data, including second- 
order serial correlation in employment and 
first-order serial correlation in real wages. 
Airline mechanics’ employment levels are 
found to be correlated with both their own 
wage rates, and with average wage rates out- 
side the airline industry. 

A theoretical model is presented that de- 
scribes the evolution of wages and employ- 
ment in several alternative settings, includ- 
ing the traditional labor demand setting, 
where firms take contract wages as exoge- 
nous, and an efficient contract setting, where 
wages and employment are jointly de- 
termined to minimize employer costs, sub- 
ject to a utility requirement for workers. The 
model incorporates costly adjustment of em- 
ployment over time and emphasizes that 


35Brown and Ashenfelter report similar findings in 
their investigation of wage and employment outcomes 
for typographers. 
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workers’ alternative wages can have two 
effects on employment outcomes: a direct 
effect on the shadow value of workers’ time, 
and an indirect effect on forecasts of future 
wage outcomes. 

The model gives a straightforward and 
relatively successful interpretation of the em- 
pirical link between airline departures and 
mechanics’ employment. None of the al- 
ternative versions of the model, however, 
successfully captures the links between wages 
and employment. Both the labor demand 
model and the simplest efficient contracting 
model, which equates the marginal product 
of workers to their alternative wage rate, are 
rejected in favor of a more general model 
that includes contract and alternative wages 
in the employment equation. The parameter 
estimates for this model, however, are ex- 
tremely imprecise, and the implied reduced- 
form employment equation fits poorly rela- 
tive to an unrestricted autoregression. In spite 
of the promise that simple contracting mod- 
els might provide a credible interpretation of 
observed movements in employment and 
wages, the covariation of employment and 
wages in these data remains largely unex- 
plained. 


APPENDIX 


I. Derivation of the Reduced-Form 
Employment Equation 


Let yi ae (log Fp log F-v log Wy log Wii» 
log a,, log a,_, log p,, log p,_,) represent the 
vector of current and once-lagged values of 
departures, contract wages, manufacturing 
wages, and prices. Equation (8) can be writ- 
ten as y, = Ay,_,+u,, where u, = (uy,,0, uy,, 
0, u3,,0, u,,,0), and A is a suitably defined 
matrix of coefficients. Let eí = (1,0,...,0). 
Then 


(1—AB) Y. (AB)'E,log F, 
j=0 


J 


= ef(1-AB) X (ABA) y, 
;=0 


J 


with similar expressions for the forward- 
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moving averages of contract wages and 
manufacturing wages. Provided that the 
characteristic roots of A are smaller than 
(AB)? in modulus, the infinite sum 
L*_o(ABA)/ converges. Assuming this to be 
true, let 


(1-18) È (apa) = 4+. 


j=0 
According to equation (16), 
(Al) log N,=AlogN,_,+(1-A) 
X [bye{ A* + brez A* + byez A*] y, + e%, 


where e* is first-order autoregressive with 
autoregressive parameter p. Let 


a* = bef A* + bye, A* + beg A*. 


Performing a transformation of (Al) to 
eliminate the serial correlation in e* yields 


(A2) log N, = (A + p)log N,_1 — Ap log N,-2 
+= A)a*y,— p(l- A)a*y F, 


where &, is serially uncorrelated. Finally, 
substituting for y, into (A2) yields 


(A3) log N, = (À + p)log N,-1 — Aplog N-z 
+[(1-A)a*4—p(1—-A)a*] y+, 


where *=£,+(1—A)a*u, is serially un- 
correlated. In this paper I compute the ma- 
trix A* numerically and use the resulting 
estimates to compute the coefficients in (A3) 
for each value of À, p, b4, bz, b3, and the 
forecasting coefficients in A. 
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H. Data Definitions and Sources 


1. Wages 

a) Wage rate information for airline mechanics was 
assembled from three sources: contract listings in the 
Bureau of Labor Statistics’ Current Wage Developments 
(CWD), contract listings and reports in the Bureau of 
National Affairs’ Daily Labor Report (DLR), and copies 
of the collective bargaining agreements, Typically, con- 
tract listings in CWD and DLR include information on 
percentage and/or absolute wage increases for certified 
mechanics in each year of the contract. CWD also lists 
cost-of-living adjustments as they accrue over the life of 
the contract. Information on wage changes was com- 
bined with sporadic information on the level of wage 
rates from both sources to produce a time-series of wage 
rates by quarter for each airline. For mechanics at 
Western Airlines, I constructed a time-series of wage 
rates directly from a complete contract chronology 
generously provided by the International Brotherhood 
of Teamsters Airline Division. Wage rates were calcu- 
lated up to 1984, and compared with the rates listed in 
recent labor contracts for each airline on file at the 
National Mediation Board in Washington, D.C. In cases 
where a wage rate was increased retroactively, I use the 
wage rate that actually prevailed, rather than the retro- 
active wage rate. In cases where a wage rate increased 
within a quarter (say in February), I use the unweighted 
average of the beginning and ending rates as an average 
quarterly rate. 

(i) American wages are benchmarked to a Septem- 
ber 1982 rate of 13.53 reported in DER (March 7, 
1983). New contracts were negotiated March 1969 
(CWD, April 1969), May 1971 (CWD, July 1971), May 
1974 (CWD, May 1974), and June 1975 (CWD, August 
1975). 

(ii) Braniff wages are benchmarked to a rate of 
4.14 (excluding COLA) in January 1969 reported in 
DLR (May 6, 1969). New contracts were negotiated 
May 1969 (DLR, May 6, 1969), September 1972 (CWD, 
November 1972), November 1973 (CWD, January 1974) 
and March 1976 (CWD, May 1976). 

(iii) Continental wages are benchmarked to a rate 
of 4.14 (excluding COLA) in January 1969. New con- 
tracts were negotiated September 1969 (CWD, October 
1969), August 1972, August 1974 (CWD, September 
1974) and January 1976 (CWD, March 1976). 

(iv) Eastern wage rates are benchmarked to a rate 
of 7.69 (excluding COLA) in November 1975 reported 
in DLR (July 12, 1974). New contracts were negotiated 
May 1969 (DER, May 2, 1969). October 1972 (CWD, 
January 1973, and later Payboard rulings in CWD, May 
1973), July 1974 (DLR, July 12, 1974), and January 
1976 (CWD, March 1976). 

(v) Trans World wage rates are benchmarked to a 
rate of 7.67 (excluding COLA) in May 1975 reported in 
DLR (March 13, 1975). New contracts were negotiated 
January 1970 (CWD, February 1970), December 1972 
(CWD, February 1973), February 1975 (DLR, March 
13, 1975), and September 1976 (CWD, November 1976). 

(vi) United wage rates are benchmarked to a rate 
of 7.50 (excluding COLA) in January 1975, reported in 
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DLR (May 3, 1974). New contracts were negotiated 
October 1969 (CWD, November 1969), August 1972 
(CWD, October 1972), May 1974 (CWD, June 1974) 
and December 1975 (CWD, February 1976). 

(vii) Western wage rates are taken directly from 
collective bargaining agreements dated November 1968 
(negotiated August 1969); dated November 1971 (nego- 
tiated July 1972); and dated November 1973 (negoti- 
ated May 1974). Information on COLA payments un- 
der the Western agreements was taken from CWD 
(various issues). 

b) Wage rate information for maintenance mechanics 
in manufacturing industries is taken from the Bureau of 
Labor Statistics’ Area Wage Survey. Results of the 
annual survey, which is administered in different months 
in different cities, are published in the following 
BLS Bulletins: 1968~No. 1575; 1969-No. 1625; 1970- 
No. 1660; 1971-No. 1685; 1972-No. 1725; 1973- 
No. 1775; 1974—No. 1850; 1975-No. 1900; 1976-No. 
1950 (Washington: USGPO). I used both the average 
wage rate for all cities, and wage rates for the following 
city-airline pairs: Dallas/Fort Worth—Braniff (weighted 
average of Dallas (.67) and Fort Worth (33) from 
1968 to 1973); Miami—Eastern; Oklahoma City (in 
lieu of Tulsa)-American; St. Louis~Trans World; Los 
Angeles—Continental and Western; San Francisco- 
United. The annual wage series were interpolated lin- 
early using the 1968 values for first quarter 1969 for 
cities where the survey is administered in late fall (Dal- 
las/Fort Worth, Miami, Oklahoma City, San Francisco) 
and using the 1969 values for first quarter 1969 for 
St. Louis and Los Angeles, where the surveys are ad- 
ministered earlier in the year. The average wage rate 
for all cities, which the BLS reports as an average for 
February, was interpolated using the 1969 wage for first 
quarter 1969. 

c) Average straight-time hourly earnings of produc- 
tion workers in manufacturing represent quarterly aver- 
ages of monthly earnings as reported in U.S. Bureau of 
Commerce, Business Statistics (1979 ed.) (Washington: 
USGPO, 1980, p. 228). 

d) Wage rates of licensed mechanics at Boeing are 
taken from the BLS Wage Chronology for Boeing 
(Washington State) and the International Association of 
Machinists, published in BLS Bulletin No. 1895 
(Washington: USGPO, 1976). Rates for mechanics are 
listed as basic hourly rates for labor grade 10 in Table 
2c, p. 19. 


2. Flight Information 

Flight information is taken from monthly informa- 
tion in Civil Aeronautics Board, Air Carrier Traffic 
Statistics (Washington: CAB). 

a) Departures: Aircraft revenue departures per- 
formed in each quarter in scheduled domestic oper- 
ations. 

b) Available Seat Miles: Total available seat miles in 
each quarter in scheduled domestic operations. 

c) Revenue Passenger Miles: Total revenue passenger 
miles in each quarter in scheduled domestic operations. 

d) Domestic Flight Hours: Total aircraft revenue 
hours in scheduled domestic operations and nonsched- 
uled domestic operations. 
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e) Total Flight Hours: Total aircraft revenue hours 
in all services (domestic and international; scheduled 
and nonscheduled). 

Precise definitions of these variables are contained in 
each issue of Air Carrier Traffic Statistics. 


3. Employment Information 

Employment and payroll information is taken from 
the “Form-41” reports filed monthly by each airline. 
Prior to 1977, the March, June, September, and Decem- 
ber Form 41 reports contained a quarterly P-10 report 
on employment and payroll by category of worker. The 
number of mechanics is taken from employment totals 
for maintenance labor (P-10 Account Number 25). In 
Figure 1, “pilots” include pilots and copilots (P-10 
Account Number 23) and flight engineers (P-10 Account 
Number 5124); “flight attendants” represent passenger 
service flying personnel (P-10 Account Number 5524). 
Form 41 reports are on file at the Department of 
Transportation in Washington D.C. (Formerly, these 
reports were housed at the Civil Aeronautics Board.) 
The 1969 information was taken from microfilm ar- 
chives of the Form 41 reports. 


4. Miscellaneous Information 

a) Real GNP (seasonally adjusted) is taken from 
U.S. Bureau of Commerce Business Statistics (1979 ed.) 
(Washington: USGPO, 1980, p. 251). 

b) The Consumer Price Index (All Items) is taken 
from OECD, Historical Statistics 1960-79 (Paris: 
OECD, 1980, p. 73). 

c) A price index for domestic passenger fares was 
constructed from information contained in Annual Re- 
ports of various airline firms, and from the Civil 
Aeronautics Board Annual Report (Washington: CAB), 
various issues. Between January 1969 and December 
1976 the major changes in fares were as follows: 

February 20, 1969: 3.8 percent general increase 
October 1, 1969: 6.35 percent general increase 
October 15, 1970: 3.0 percent general increase 
May 1, 1971: 6.0 percent general increase 
September 5, 1972: 2.7 percent general increase 
December 1, 1973: 5.0 percent general increase 
November 1, 1974: 4.0 percent general increase 
November 15, 1975: 3.0 percent general increase. 

The Civil Aeronautics Board also granted an 8.0 
percent general fare increase in a series of three incre- 
ments during 1976. I assume that these increases took 
the form of a 2.0 percent increase on April 1, 1976, a 3.0 
percent general increase on July 1, 1976, and a 2.0 
percent general increase on October 1, 1976. 

d) An index of jet fuel prices was constructed from 
annual average jet fuel prices per gallon reported in 
Civil Aeronautics Board, “Long Term Fuel Expense, 
Consumption, Unit Prices and Total Expense, System 
Trunks and Locals,” CAB Financial and Cost Analysis 
Division (Manuscript dated March 21, 1983), index- 
linked within each year to quarterly averages of monthly 
producer prices for refined petroleum products, as re- 
ported in OECD, Historical Statistics 1960-79 (Paris: 
OECD, 1980, p. 73). The CAB reports average annual 
fuel prices (in cents per gallon) as 12.23 in 1972, 12.85 
in 1973, 21.95 in 1974, 27.37 in 1975, 30.42 in 1976, and 
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35.24 in 1977. I used the producer price index for 
refined petroleum, indexed-linked to the 1972 average 
price reported by the CAB, to estimate quarterly prices 
for jet fuel in 1969, 1970, and 1971. Fuel prices reported 
by the various individual airlines in their Annual Re- 
ports are very similar to the CAB average prices. For 
example, in 1977, Western reported an average price of 
.36, United reported an average price of .35, Trans 
World reported an average price of .375 and Continen- 
tal reported an average price of .359 per gallon. 

e) An index of aircraft parts prices was constructed 
from the monthly industry wholesale price index for 
“General Purpose Machinery and Parts” (Commodity 
Group 114) from Bureau of Labor Statistics Wholesale 
Prices and Price Indexes (Washington: USGPO), vari- 
ous issues. 

f) Fleet composition information by airline was in- 
terpolated from annual fleet composition information 
contained in the Federal Aviation Authority Statistical 
Handbook of Aviation (Washington: FAA), various is- 
sues. 

g) Ajirline-specific unemployment rates are based 
on quarterly averages of monthly insured unemploy- 
ment rates for the following city-airline pairs: Los 
Angeles-Continental and Western; San Francisco- 
United; Miami-Eastern; St. Louis-Trans World; Dal- 
las/Fort Worth—Braniff. I used the insured unemploy- 
ment rate for Oklahoma in lieu of city-specific informa- 
tion for Tulsa—American. Insured unemployment rates 
by city and state were taken from BLS Employment and 
Earnings (Washington: USGPO) various issues, 

A complete listing of the data is available from the 
author on request. Copies of the computer programs 
used to generate the estimates in Tables 7 and 8 are also 
available on request. 
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Productivity Growth, Convergence, and Welfare: 
What the Long-Run Data Show 


By WILLIAM J. BAUMOL* 


Maddison’s 1870-1979 data are analyzed, showing the historically unprecedented 
growth in productivity, gross domestic product per capita and exports and the 
remarkable convergence of productivities of industrialized market economies, with 
convergence apparently shared by planned economies but not less developed 
countries. Productivity lag’s relation to “deindustrialization,” unemployment, and 
balance of payments is examined. The data are shown to suggest a tempered view 
of the slowdown in U.S. productivity growth and its lag behind other countries. 


No matter how refined and how elab- 
orate the analysis, if it rests solely on. 
the short view it will still be...a struc- 
ture built on shifting sands. 

Jacob Viner [1958, pp. 112-13] 


Recent years have witnessed a reemer- 
gence of interest on the part of economists 
and the general public in issues relating to 
long-run economic growth. There has been a 
recurrence of doubts and fears for the future 
—aroused in this case by the protracted 
slowdown in productivity growth since the 
late 1960’s, the seeming erosion of the com- 
petitiveness of U.S. industries in world 
markets, and the spectre of “deindustrializa- 
tion” and massive structural unemployment. 
These anxieties have succeeded in redirecting 
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Division of Information Science and Technology of the 
National Science Foundation, the Exxon Education 
Foundation, the Joint Council on Economic Education, 
the Fishman-Davidson Center for the Study of the 
Service Sector, and the C. V. Starr Center for Applied 
Economics for their generous support of the research 
underlying this paper. I am also heavily indebted to 
Edward Wolff, Wayne Farel, Robert Dorfman, Sidney 


Ratner, and Mariza Stipec for help in various parts of ~ 


the work. Valuable suggestions from several anonymous 
reviewers helped to limit the errors of this amateur 
economic historian. I also learned a great deal from the 
excellent Abramovitz paper (1985) on the subject. Above 
all, I owe an enormous debt to Paul David for his 
encouragement, and for perceptive and helpful com- 
ments which guided the final revision of this paper. 
Entire paragraphs come from his pen. 
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attention to long-run supply-side phenom- 
ena that formerly were a central preoccupa- 
tion of economists in the industrializing 
West, before being pushed aside in the crisis 
of the Great Depression and the ensuing 
triumph of Keynesian ideas. 

Anxiety may compel attention, but it is 
not necessarily an aid to clear thinking. For 
all the interest now expressed in the subject 
of long-run economic growth and policies 
ostensibly directed to its stimulation, it does 
not seem to be widely recognized that ade- 
quate economic analysis of such issues calls 
for the careful study of economic history—if 
only because it is there that the pertinent 
evidence is to be found. Economic historians 
have provided the necessary materials, in the 
form of brilliant insights, powerful analysis, 
as well as a surprising profusion of long- 
period data. Yet none of these has received 
the full measure of attention they deserve 
from members of the economics profession 
at large. 

To dramatize the sort of reorientation 
long-term information can suggest, imagine 
a convincing prediction that over the next 
century, U.S. productivity growth will per- 
mit a trebling of per capita GNP while cut- 
ting nearly by half the number of hours in 
the average work year, and that this will be 
accompanied by a sevenfold increase in ex- 
ports. One might well consider this a very 
rosy forecast. But none of these figures is 
fictitious. For these developments in fact lay 
before the United Kingdom in 1870, just as 
its economic leadership began to erode. 
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This paper outlines some implications of 
the available long-period data on productiv- 
ity and related variables—some tentative, 
some previously noted by economic histo- 
rians, and some throwing a somewhat 
surprising light on developments among in- 
dustrialized nations since World War II. 
Among the main observations that will 
emerge here is the remarkable convergence 
of output per labor hour among industrial- 
ized nations. Almost all of the leading free 
enterprise economies have moved closer to 
the leader, and there is a strong inverse 
correlation between a country’s productivity 
standing in 1870 and its average rate of 
productivity growth since then. Postwar data 
suggest that the convergence phenomenon 
also extends to both “intermediate” and 
centrally planned economies. Only the poorer 
less developed countries show no such trend. 

It will also emerge that over the century, 
the U.S. productivity growth rate has been 
surprisingly steady, and despite frequently 
expressed fears, there is no sign recently of 
any long-term slowdown in growth of either 
total factor productivity or labor productiv- 
ity in the United States. And while, except in 


wartime, for the better part of a century, U.S. . 


productivity growth rates have been low rel- 
ative to those of Germany, Japan, and a 
number of other countries, this may be no 
more than a manifestation of the conver- 
gence phenomenon, which requires countries 
that were previously behind to grow more 
rapidly. Thus, the paper will seek to dispel 
these and a number of other misapprehen- 
sions apparently widespread among those 
who have not studied economic history. 
Nonspecialists may well be surprised at 
the remarkably long periods spanned in 
time-series contributed by Beveridge, Deane, 
Kuznets, Gallman, Kendrick, Abramovitz, 
David, and others. The Phelps Brown- 
Hopkins indices of prices and real wages 
extend over seven centuries. Maddison, 
Feinstein (and his colleagues), and Kendrick 
cover productivity, investment, and a num- 
ber of other crucial variables for more than 
100 years. Obviously, the magnitudes of the 
earlier figures are more than a little question- 
able, as their compilers never cease to warn 
us. Yet the general qualitative character of 
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the time paths are persuasive, given the broad 
consistency of the statistics, their apparent 
internal logic and the care exercised in col- 
lecting them. In this paper, the period used 
will vary with topic and data availability. In 
most cases, something near a century will 
be examined, using primarily data provided 
by Angus Maddison (1982) and R. C. O. 
Matthews, C. H. Feinstein, and J. C. Odling- 
Smee (1982—henceforth, M-F-O).! 


I. The Magnitude of the Accomplishment 


The magnitude of the productivity 
achievement of the past 150 years resists 
intuitive grasp, and contrasts sharply with 
the preceding centuries. As the Communist 
Manifesto put the matter in 1848, with 
remarkable foresight, “The bourgeoisie, dur- 
ing its rule of scarce one hundred years, has 
created more massive and more colossal pro- 
ductive forces than have all preceding gener- 
ations together.” There obviously are no reli- 
able measures of productivity in antiquity, 
but available descriptions of living standards 
in Ancient Rome suggest that they were in 
many respects higher than in eighteenth- 
century England (see Colin Clark, 1957, 
p. 677). This is probably true even for the 
lower classes—certainly for the free urban 
proletariat, and perhaps even with the inclu- 
sion of slaves. An upper-class household was 
served by sophisticated devices for heating 
and bathing not found in eighteenth-century 
homes of the rich. A wealthy Roman mag- 
ically transported into an eighteenth-century 
English home would probably have been 
puzzled by the technology of only a few 
products—clocks, window panes, printed 
books and newspapers, and the musket over 
the fireplace. 


1The Maddison absolute productivity figures will be 
used in preference to the M-F-O data, since the former 
include more years and more countries. However, the 
M-F-O series has one advantage. They report productiv- 
ity statistics only for years which can be considered to 
contain peaks of business cycles, so that the calculations 
are not distorted by the well-known effects of the busi- 
ness cycle on labor productivity. Yet over the long 
period in question here, no remarkable differences in 
patterns seem to emerge from the two sets of figures. 
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It is true that even during the Middle Ages 
(see, for example, Carlo Cipolla, 1976), there 
was substantial technological change in the 
workplace and elsewhere. Ship design im- 
proved greatly. Lenses and, with them, the 
telescope and microscope appeared in the 
sixteenth century, and the eighteenth century 
brought the ship’s chronometer which revo- 
lutionalized water transport by permitting 
calculation of longitude. Yet, none of this 
led to rates of productivity growth anywhere 
near those of the nineteenth and twentieth 
centuries. 

Nonhistorians do not usually recognize 
that initially the Industrial Revolution was a 
fairly minor affair for the economy as a 
whole. At first, much of the new equipment 
was confined to textile production (though 
some progress in fields such as iron making 
had also occurred). And, as David Landes 
(1969) indicates,” an entrepreneur could un- 
dertake the new types of textile operations 
with little capital, perhaps only a few 
hundred pounds, which (using the Phelps 
Brown-Hopkins data) translates into some 
100,000 1980 dollars. Jeffrey Williamson 
(1983) tells us that in England during the 
first half-century of the Industrial Revolu- 
tion, real per capita income grew only about 
. 0.3 percent per annum,” in contrast with the 
nearly 3 percent achieved in the Third World 
in the 1970’s (despite the decade’s economic 
crises). 


«The early machines, complicated though they were 
to contemporaries, were nevertheless modest, rudimen- 
tary, wooden contrivances which could be built for 


surprisingly small sums. A forty-spindle jenny cost per- 


haps £6 in 1772; scrubbing and carding machines cost 
£1 for each inch of roller width; a clubbing billy with 


thirty spindles cost £10.10s” (Landes, pp. 64-65). This 


suggests at least the possibility (pointed out by Landes) 
that part of the reason investment was low is that not 
very much capital may have been required. 

3This observation does not quite seem to square with 
Charles Feinstein’s estimates (1972, pp. 82-94) which 
indicate that while output per worker in the United 
Kingdom increased 0.2 percent per year between 1761 
and 1800, between 1801 and 1830 the growth rate 
leaped up to 1.4 percent per annum. He estimates that 
total factor productivity behaved similarly. However, 
between 1801 and 1810, total annual investment fell to 
10 percent of gross domestic product, in comparison 
with its 14 percent rate in the immediately preceding 
and succeeding periods. 
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TABLE 1— TOTAL GROWTH FROM 1870 To 19797 
PRODUCTIVITY, GDP Per Capita, AND EXPORTS 
SIXTEEN INDUSTRIALIZED COUNTRIES? 


Real Real Volume 

. GDP per GDP of 
Work-Hour per Capita Exports 

Australia 398 221 - 
United Kingdom 585 310 930 
Switzerland 830 471 4,400 
Belgium 887 439 6,250 
Netherlands 910 429 8,040 
Canada 1,050 766 9,860 
United States 1,080 693 9,240 
Denmark 1,098 684 6,750 
Italy 1,225 503 6,210 
Austria 1,270 643 4,740 
Germany 1,510 824 3,730 
Norway 1,560 873 7,140 
France 1,590 694 4,140 
Finland 1,710 1,016 6,240 
Sweden 2,060 1,083 5,070 
Japan 2,480 1,661 293,060 


Source: Angus Maddison (1982, pp. 8, 212, 248-53). 
aIn 1970 U.S. dollars. 
>Shown in percent. 


Table 1 shows the remarkable contrast of 
developments since 1870 for Maddison’s 16 
countries. We see (col. 1) that growth in 
output per work-hour ranged for the next 
110 years from approximately 400 percent 
for Australia all the way to 2500 percent (in 
the case of Japan). The 1100 percent in- 
crease of labor productivity in the United 
States placed it somewhat below the middle. 
of the group, and even the United Kingdom 
managed a 600 percent rise. Thus, after not 
manifesting any substantial long-period in- 
crease for at least 15 centuries, in the course 
of 11 decades the median increase in produc- 
tivity among the 16 industrialized leaders in 
Maddison’s sample was about 1150 percent. 
The rise in productivity was sufficient to 
permit output per capita (col. 2) to increase 
more than 300 percent in the United King- 
dom, 800 percent in West Germany, 1700 
percent in Japan, and nearly 700 percent in 
France and the United States. Using Robert 
Summers and Alan Heston’s sophisticated 
international comparison data (1984), this 
implies that in 1870, U.S. output per capita 
was comparable to 1980 output per capita in 
Honduras and the Philippines, and slightly 
below that of China, Bolivia, and Egypt! 
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FIGURE 1. GROSS DOMESTIC PRODUCT PER WorK-Hour, 1870-1979 


Source: Maddison (p. 212) 


The growth rates of other pertinent vari- 
ables were also remarkable. One more exam- 
ple will suffice to show this. Table 1, which 
also shows the rise in volume of exports 
from 1870 to 1979 (col. 3) indicates that the 
median increase was over 6000 percent. 


II. The Convergence of National 
Productivity Levels 


There is a long and reasonably illustrious 
tradition among economic historians cen- 
tered on the phenomenon of convergence. 
While the literature devoted to the subject is 
complex and multifaceted, as revealed by the 
recent reconsideration of these ideas by 
Moses Abramovitz (1985), one central theme 
is that forces accelerating the growth of na- 
tions who were latecomers to industrializa- 
tion and economic development give rise to 
a long-run tendency towards convergence of 
levels of per capita product or, alternatively, 
of per worker product. Such ideas found 
expression in the works of Alexander 
Gerschenkron (see, for example, 1952), who 
saw his own views on the advantages of 
“relative backwardness” as having been an- 
ticipated in important respects by Thorstein 
Veblen’s writings on the penalties of being 
the industrial leader (1915). Although such 
propositions also have been challenged and 
qualified (for example, Edward Ames and 
Nathan Rosenberg, 1963), it is difficult to 
dismiss the idea of convergence on the basis 


of the historical experience of the industrial- 
ized world. (For more recent discussions, 
see also the paper by Robin Marris, with 
comments by Feinstein and Matthews in 
Matthews, 1982, pp. 12-13, 128-147; as well 
as Dennis Mueller, 1983.) 

Using 1870-1973 data on gross domes- 
tic product (GDP) per work-year for 7 in- 
dustrialized countries, M-F-O have shown 
graphically that those nations’ productivity 
levels have tended to approach ever closer to 
one another. The same phenomenon for 6 
countries is illustrated in Figure 1 in a semi- 
log representation based on Maddison’s data 
for 1870-1979, which provide estimates of 
output per work-hour for 16 countries.* 

The convergence toward the vanguard 
(led in the first decades by Australia—see 
Richard Caves and Laurence Krause, 1984 
—and the United Kingdom and, approxi- 
mately since World War I, by the United 


4Space prevents extensive consideration of Paul 
Romer’s (1985) objection to the evidence offered for the 
convergence hypothesis provided here and elsewhere, 
i.e., that the sample of countries studied is an ex post 
selection of successful economies. Successes, by defini- 
tion, are those which have done best relative to the 
leader. However, the Summers-Heston 1950-80 data 
for 72 countries represented in Figure 3 do permit an ex 
ante selection. Tests ranking countries both by 1950 and 
by 1960 GDP levels confirm that even an ex ante ` 
sample of the wealthiest countries yields a pattern of 
convergence which, while less pronounced than that 
calculated from an ex post group, is still unambiguous. 
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FIGURE 2. PRODUCTIVITY GROWTH RATE, 1870-1979 vs. 1870 LEVEL 


Source: Maddison (p. 212) 


States) is sharper than it may appear to the 
naked eye. In 1870, the ratio of output per 
work-hour in Australia, then the leader in 
Maddison’s sample, was about eight times as 
great as Japan’s (the laggard). By 1979, that 
ratio for the leader (the United States) to the 
laggard (still Japan) had fallen to about 2. 
The.-ratio of the standard deviation from the 
mean of GDP per work-hour for the 16 
countries has also fallen quite steadily, ex- 
cept for a brief but sharp rise during World 
War II. 

The convergence phenomenon and its per- 
vasiveness is confirmed by Figure 2, on which 
my discussion will focus. The horizontal axis 
indicates each Maddison country’s absolute 
level of GDP per work-hour in 1870. The 
vertical axis represents the growth rate of 
GDP per work-hour in the 110 years since 
1870. The high inverse correlation between 
the two is evident. Indeed, we obtain an 
equation (subject to all sorts of statistical 
reservations)’ 


Growth Rate (1870-1979) 
= 5.25 — 0.75ln (GDP per WorkHr, 1870), 
R? = 0.88. 


>The high correlation should not be taken too seri- 
ously. Aside from the reasons why its explanation may 
be misunderstood that are presently discussed in the 
text, the tight fit of the data points is undoubtedly 
ascribable in good part to several biassing features of 


That is, with a very high correlation coeffi- 
cient, the higher a country’s productivity level 
in 1870 the more slowly that level grew in 
the following century. 


the underlying calculation. First, the 1870 figures were 
calculated by Maddison using backward extrapolation 
of growth rates, and hence their correlation is hardly 
surprising. Second, since growth rate, r, is calculated by 
solving y, = e™y for r, to obtain r= (In y, —ln wo) /2, 
where y,= GDP per capita in period t, a regression 
equation r= f( yọ) contains the same variable, yọ on 
both sides of the equation, thus tending to produce a 
spurious appearance of close relationship. Indeed, if the 
convergence process were perfect, so that we would 
have y,=k with k the same for every country in the 
sample, every dot in the diagram would necessarily 
perfectly fit the curve r=Ink/t— Inyo /t, and the r° 
would be unity, identically. As we will see, however, the 
72-country data depicted in Figure 3 hardly constitute a 
close fit (the R? is virtually zero), and do not even yield 
a negatively sloping regression line. Thus, a relationship 
such as that in Figure 2 is no tautology, nor even a 
foregone conclusion. 

In addition, if the 1870 productivity levels are mea- 
sured with considerable error, this must result in some 
significant downward bias in the regression coefficient 
on In(GDP per WorkHr, 1870). This is a point distinct 
from the one concerning the size of the correlation 
coefficient, although the latter is affected by the fact 
that relatively large measurement errors in the 1870 
productivity levels enter as inversely correlated mea- 
surement errors in the 1870-1979 growth rate. The 
argument that this bias is not sufficient to induce a 
negative correlation in the 72-country sample may not 
be wholly germane, as the relative seriousness of the 
measurement errors in the initial and terminal observa- 
tions may be much the same for observations confined 
to the period 1950-80. 


VOL. 76 NO. 5 


TABLE 2— RELATIVE GROWTH IN REAL WAGES, 
- GDP PER WorK-HOuR AND CAPITAL STOCK, 
UNITED KINGDOM AND GERMANY, 1860-1980 


Ratio: 
German Increase to 


Period U.K. Increase? 

Real Wages 1860-1980 4.25 
GDP per Labor Hour 1870-1979 2.35 
Capital Stock* 1870-1979 6.26 
Capital Stock 

per Worker 1870-1979 3.8 
Capital Stock 

per Capita 1870-1979 5.4 


Sources: Real wages, same as in fn. 6; all other data 
from Maddison. _ 
*Net nonresidential fixed tangible capital stock. 
(German 1979 figure/German 1870 figure)/(U.K. 
1979 figure/U.K. 1870 figure) with appropriate modifi- 
cation of the dates for the wage figures. 


MI. Implications of the Inverse Correlation: 
Public Goods Property of Productivity Policy 


The strong inverse correlation between the 
1870 productivity levels of the 16 nations 
and their subsequent productivity growth 
record seems to have a startling implication. 
Of course, hindsight always permits “fore- 
casts” of great accuracy—that itself is not 
surprising. Rather, what is striking is the 
apparent implication that only one variable, 
a country’s 1870 GDP per work-hour, or its 
relation to that of the productivity leader, 
matters to any substantial degree, and that 
other variables have only a peripheral in- 
fluence. It seems not to have mattered much 
whether or not a particular country had free 
markets, a high propensity to invest, or used 
policy to stimulate growth. Whatever its 
behavior, that nation was apparently fated 
to land close to its predestined position in 
Figure 2. 

However, a plausible alternative interpre- 
tation is that while national policies and 
behavior patterns do substantially affect pro- 
ductivity growth, the spillovers from leader 
economies to followers are large—at least 
among the group of industrial nations. If 
country A’s extraordinary investment level 
and superior record of innovation enhances 
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its own productivity, it will almost automati- 
cally do the same in the long run for in- 
dustrialized country B, though perhaps to a 
somewhat more limited extent. In other 
words, for such nations a successful produc- 
tivity-enhancing measure has the nature of 
a public good. And because the fruits of 
each industrialized country’s productivity- 
enhancement efforts are ultimately shared by 
others, each country remains in what ap- 
pears to be its predestined relative place 
along the growth curve of Figure 2. I will 
note later some considerations which might 
lead one to doubt that the less developed 
countries will benefit comparably from this 
sharing process. 

This sharing of productivity growth bene- 
fits by industrialized countries involves both 
innovation and investment. The innovation- 
sharing process is straightforward. If in- 
dustry in country A benefits from a signifi- 
cant innovation, those industries in other 
countries which produce competing products 
will find themselves under pressure to obtain 
access to the innovation, or to an imitation 
or to some other substitute. Industrialized 
countries, whose product lines overlap sub- 
stantially and which sell a good deal in 
markets where foreign producers of similar 
items are also present, will find themselves 
constantly running in this Schumpeterian 
race, while those less developed countries 
which supply few products competing with 
those of the industrialized economies will 
not participate to the same degree. 
` There is reason to suspect that the pres- 
sures for rapidity in imitation of innovation 
in industrial countries have been growing. 
The explosion in exports reported in Table 1 
has given them a considerably larger share of 
gross national product than they had in 1870. 
This suggests that more of each nation’s 
output faces the direct competition of for- 
eign\rivals. Thus, the penalties for failure to 
keep abreast of innovations in other countries 
and to imitate them where appropriate have 
grown. 

Second, the means required for successful 
imitations have improved and expanded 
enormously. World communications are now 
practically instantaneous, but required weeks 
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and even months at the birth of the In- 
dustrial Revolution. While today meetings of 
scientists and technicians are widely encour- 
aged, earlier mercantilistic practices entailed 
measures by each country to prevent other 
nations from learning its industrial tech- 
niques, and the emigration of specialized 
workers was often forbidden. Though figures 
in this arena are difficult to interpret, much 
less substantiate, one estimate claims that 
employment in “information activities” in 
the United States has grown from less than 1 
percent of the labor force in 1830 to some 45 
percent today (James Beniger, forthcoming, 
p. 364, leaning heavily on Marc Porat, 1977). 
Presumably, growth of the information sec- 
tor in other industrialized nations has been 
similar. This must surely facilitate and speed 
the innovative, counterinnovative, and imita- 
tive tasks of the entrepreneur. The combina- 
tion of direct U.S. manufacturing investment 
in Europe, and the technology transfer activ- 
ities of multinational corporations in the 
postwar era were also of great significance 
(see, for example, David Teece, 1976). All of 
this, incidentally, suggests that as the forces 
making for convergence were stronger in the 
postwar era than previously, the rate of con- 
vergence should have been higher. The evi- 
dence assembled by Abramovitz (1985) on 
the basis of Maddison’s data indicates that 
this is in fact what has happened. 

The process that has just been described, 
then, provides mutual benefits, but it inher- 
ently helps productivity laggards more than 
leaders. For the laggards have more to learn 
from the leaders, and that is why the process 
makes for convergence. 

Like innovation, investment, generally 
considered the second main source of growth 
in labor productivity, may also exhibit inter- 
national public good properties. Suppose two 
industrialized countries, A and B, each pro- 
duce two traded products: say automobiles 
and shoes, with the former more capital in- 
tensive. If A’s investment rate is greater than 
B’s then, with time, A’s output mix will 
shift toward the cars while B’s will move 
toward shoes. The increased demand for auto 
workers in A will raise their real wages, 
while A’s increased demand for imports of 
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B’s shoes will raise real wages in B, and will 
raise the value of gross domestic product per 
labor hour in that country. Thus, even in- 
vestment in country A automatically tends to 
have a spillover effect on value productivity 
and real wages in those other countries that 
produce and trade in a similar array of goods. 

While, strictly speaking, the factor-price 
equalization theorem is not applicable to my 
discussion because it assumes, among other 
things, that technology is identical in all the 
countries involved, it does suggest why (for 
the reasons just discussed) a high investment 
rate may fail to bring a relative wage ad- 
vantage to the investing country. In practice, 
the conditions of the theorem are not satisfied 
precisely, so countries in which investment 
rates are relatively high do seem to obtain 
increased relative real wages.° Yet the analy- 
sis suggests that the absolute benefits are 
contagious—that one country’s successful 
investment policy will also raise productivity 
and living standards in other industrialized 
countries.’ 


®The case of Germany and Britain is a suggestive 
illustration. From 1870 to 1979, according to Maddison 
(pp. 227, 231) German net nonresidential fixed tangible 
capital stock grew thirtyfold while that of the United 
Kingdom grew only sixfold. Landes (p. 124) reports 
(with the appropriate warning, “caveat lector”) that real 
U.K. wages in about 1860 have been estimated to be 
some 2.5 times those in Germany, while according to 
the U.S. Bureau of Labor Statistics (unpublished figures), 
in 1980 German real wages were 1.7 times those in the 
United Kingdom. Of course, I am not suggesting that 
correlation implies causation, or that one such case even 
provides a usable correlation. Still, the orders of magni- 
tude of the figures are probably right and it is hard to 
believe that superior German investment rates had 
nothing to do with the relative lag in British wages. 

TIt must be conceded that the longer-run data do not 
seem to offer impressive support for the hypothesis that 
the forces of factor-price equalization have, albeit im- 
perfectly, extended the benefits of exceptional rates of 
investment from those economies that carried out the 
successful investment programs to other industrialized 
economies. Since we have estimates of relative real 
wages, capital stock, and other pertinent variables for 
the United Kingdom and Germany, these have been 
compared in Table 2. If the public goods attribute 
hypothesis about the effects of investment in one coun- 
try were valid and if factor-price equalization were an 
effective force, we would expect the relative rise in 


VOL. 76 NO. 5 


Thus, effective growth policy does contrib- 
ute to a nation’s living standards, but it may 
also help other industrialized countries and 
to almost the same degree; meaning that 
relative deviations from the patterns indi- 
cated in Figure 2 will be fairly small, just as 
the diagram shows. (However, see Abramo- 
vitz, 1985, for a discussion of the counter- 
hypothesis, that growth of a leader creates 
“backwash” effects inhibiting growth of the 
followers.) 

All this raises an obvious policy issue. If 
productivity growth does indeed have such 
public good properties, what will induce each 
country to invest the socially optimal effort 
and other resources in productivity growth, 
when it can instead hope to be a free rider? 
In part, the answer is that in Western capi- 
talistic economies, investment is decentral- 
ized and individual firms can gain little by 
free riding on the actions of investors in 
other economies, so that the problem does 
not appear to be a serious one at the na- 
tional policy level. 


IV. Is Convergence Ubiquitous? . 


Does convergence of productivity levels 
extend beyond the free-market industrialized 
countries? Or is the convergence “club” a 
very exclusive organization? While century- 
long data are not available for any large 
number of countries, Summers and Heston 
provide pertinent figures for the 30-year 
period 1950-80 (data for more countries are 
available for briefer periods).® Instead of 
labor productivity figures, they give output 
per capita, whose trends can with consider- 
able reservations be used as a rough proxy 
for those in productivity, as Maddison’s 
figures confirm. 


German real wages and in productivity to be small (on 
some criterion) in comparison with the relative increase 
in its capital stock. However, the figures do not seem to 
exhibit such a pattern. 

®There are at least two sources of such data: the 
World Bank and the University of Pennsylvania group. 
Here I report only data drawn from the latter, since 
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Figure 3 tells the story. Constructed just 
like Figure 2, it plots the 1950-80 real growth 
rates of GDP per capita for all 72 
Summers-Heston countries against the initial 
(1950) level of this variable. The points form 
no tight relationship, and unlike those for 
the industrial countries, the dots show no 
negatively sloping pattern. Indeed, a regres- 
sion yields a slightly positive slope. Thus, 
rather than sharing in convergence, some of 
the poorest countries have also been growing 
most slowly. 

Figure 3 brings out the patterns more 
clearly by surrounding the set of points rep- 
resenting Maddison’s 16 countries with a 
thin boundary and the centrally planned 
economy points? with a heavier boundary. 
We see that the Maddison country points lie 
near a sort of upper-right-hand boundary, 
meaning that most of them had the high 
incomes in 1950 (as was to be expected) and, 
for any given per capita income, the highest 
growth rates between 1950 and 1980. This 
region is very long, narrow, and negatively 
sloped, with the absolute slope declining to- 
ward the right. As in the Figure 2 productiv- 
ity data for a 110-year period, this is exactly 
the shape one expects with convergence. Sec- 
ond, we see that the centrally planned econ- 
omies are members of a convergence club of 
their own, forming a negatively sloping re- 
gion lying below and to the left of the 
Maddison countries. The relationship is less 
tight, so convergence within the group is less 
pronounced, but it is clearly there. 


their international comparisons have been carried out 
with unique sophistication and insight. Instead of trans- 
lating the different currencies into one another using 
inadequate exchange rate comparisons, they use care- 
fully constructed indices .of relative purchasing power. I 
have also replicated my calculations using World Bank 
data and obtained exactly the same qualitative results. 
°The centrally planned economies are Bulgaria, 
China, Czechoslovakia, East Germany, Hungary, Po- 
land, Romania, USSR, and Yugoslavia. The 5 countries 
with relatively high 1950 incomes included neither in 
Maddison’s sample nor in the planned group are, in 
desceriding order of GDP per capita, Luxemburg, New 
Zealand, Iceland, Venezuela, and Argentina. The coun- 
tries with negative growth rates are Uganda and Nigeria. 
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FIGURE 3. GROWTH RATE, 1950-80, Gross DOMESTIC PRODUCT PER CAPITA 
vs. 1950 LEVEL, 72 COUNTRIES ` 


Source: Summers and Heston 


Finally, there is the region of remaining 
points (aside from the rightmost non-Maddi- 
son points in the graph) which lies close to 
the origin of the graph and occupies some- 
thing like a distorted circle without any ap- 
parent slope. The points closest to the origin 
are less developed countries which were poor 
in 1950, and have grown relatively slowly 
since. They show no convergence among 
themselves, much less with other groups. 

A few numbers suggest the difference in 
performance of various subgroups of the 72 
countries. Using a four-set classification 
Summers, I. B. Kravis and Heston (1984, 
p. 254) provide Gini coefficients by decade 
from 1950 to 1980. For their set of industrial- 
ized countries, this coefficient falls precipi- 
tously from 0.302 in 1950 to 0.129 in 1980— 
a sharp drop in inequality. For the centrally 
planned economies the drop is much smaller 
—from 0.381 to 0.301. The middle-income 
group exhibits an even smaller decline, from 
0.269 to 0.258. But the low-income countries 
underwent a small rise over the period, from 
0.103 to 0.112, and the world as a whole 
experienced a tiny rise from 0.493 to 0.498. 

There has also been little convergence 
among the groups. For the entire period, 
Summers et al. report (p. 245) an average 
annual growth rate in per capita real GDP 


of 3.1 percent for industrialized countries, 
3.6 percent for centrally planned economies, 
3.0 percent for middle-income market econ- 
omies, and only 1.5 percent for the low- 
income group, with a world average growth 
rate of 2.7 percent. 

This suggests that there is more than one 
convergence club. Rather, there are perhaps 
three, with the centrally planned -and the 
intermediate groups somewhat inferior in 
performance to that of the free-market in- 
dustrialized countries. It is also clear that the 
poorer less developed countries are still 
largely barred from the homogenization 
processes. Since any search for “the causes” 
of a complex economic phenomenon of real- 
ity is likely to prove fruitless, no attempt will 
be made here to explain systematically why 
poorer less developed countries have bene- 
fited to a relatively small degree from the 
public good properties of the innovations 
and investments of other nations. But part of 
the explanation may well be related to prod- 
uct mix and education. A less developed 
country that produces no cars cannot benefit 
from the invention and adoption of a better 
car-producing robot in Japan (though it does | 
benefit to a lesser degree from new textile 
and rice-growing technology), nor can it ben- 
efit from the factor-price equalization effect 
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of the accompanying Japanese investments, 
since it cannot shift labor force out of its 
(nonexistent) auto industry as the theorem’s 
logic requires. Lack of education and the 
associated skills prevent both the presence of 
high-tech industries and the effective imita- 
tion (adoption) of the Japanese innovation. 
Obviously, there is much more to any rea- 
sonably fuller explanation of the exclusion 
of many less developed countries from the 
convergence process, but that is not my pur- 
pose here. 


V. The Record of the United States 


The long-run data call for a revaluation of 
the past productivity performance of the 
United States, which is rather different from 
what is widely believed. Figure 4 plots for 4 
countries growth rates of GDP per work- 
hour derived from Maddison. It confirms, of 
course, that U.S. labor productivity growth 
has been lower than that of several other 
countries in recent decades. But it also indi- 
cates that this U.S. growth rate has just been 
middling for the better part of a century, not 
only in the past 15 or 20 years. This is 
confirmed by M-F-O (p. 31) whose data 
show that between 1899 and 1913, in terms 
of GDP per work year, the U.S. growth rate 
was already lower than that of Sweden, 
France, Germany, Italy, and Japan. Its 
growth rate was also below theirs (except for 
France) in 1924-37. While U.S. labor pro- 
ductivity grew rapidly relative to other na- 
tions during both world wars, this is attrib- 
utable in good part to a slowdown in the 
growth of other countries. Thus, the mediocre 
US. relative performance in growth in labor 
productivity is an old story, not just a post- 
war phenomenon. 

Figure 2—-the graph with the inverse cor- 
relation between initial productivity level and 
its subsequent growth in Maddison’s coun- 
tries— suggests an explanation of the rela- 
tively undistinguished U.S. performance. The 
convergence of productivity levels in in- 
dustrialized countries inevitably condemned 
those with high 1870 productivity levels to 
relatively slow growth since then. This at- 
tributes much of the modesty of the U.S. 
productivity growth to the high level it had 
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achieved earlier. Indeed, U.S. performance 
was notably better than this view suggests. 
While in 1870, U.S. GDP per work-hour 
ranked fifth from the top among Maddison’s 
16 countries, its subsequent productivity 
growth was seventh, not fifth, from the bot- 
tom. And while my regression equation be- 
tween initial productivity and its subsequent 
growth predicts that the United States should 
have achieved about a tenfold growth in its 
labor productivity since 1870, its actual 
achievement was some 20 percent higher than 
this. On this interpretation, then, rather than 
a manifestation of failure, the growth rate of 
the United States over the course of the 110 
years represents a mild achievement in com- 
parison with what might have been expected 
from the convergence relationship. 

Next let us consider the slowdown hy- 
pothesis—the assertion that U.S. produc- 
tivity has fallen sharply below its past. 
The USS. figures provided by John Kendrick 
(see U.S. Bureau of Census, 1973), like the 
Maddison data, exhibit no major break in 
the long-run U.S. trend and no sign of a 
long-run slowdown (similar conclusions were 
reached by Michael Darby, 1984). In Figure 
1, the time-series (semilog) representation of 
Maddison’s figures on levels of labor pro- 
ductivity, the curve for the United States is 
remarkably close to a straight line, except 
for the dip in the 1930’s. A graph of 
Kendrick’s data is almost identical in pat- 
tern. In Figure 4, a century of U.S. growth 
rate in labor productivity clearly exhibits 
neither a downward long-term trend nor a 
marked recent dip below its historical level. 
The mild shortfall shown for the past few 
years must also be revaluated because the 
last year in the graph was a period of reces- 
sion, which usually depresses productivity. 
More recent data may well wipe out much of 
the small fall below historical levels. 

True, there has undoubtedly been a pro- 
tracted fall off from the early postwar peak, 
and it certainly was pronounced. But it is 
that peak which looks like the aberration, 
and the decline from it may well prove to be 
a return to historical growth rates in labor 
productivity. In this connection, it is note- 
worthy (Figure 4) that the duration and am- 
plitude of the great leap above historical 
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FIGURE 4. GROWTH RATES, GROSS DOMESTIC PRODUCT PER WORK-HOUR, 
1870-1979 


Source: Maddison (p. 212) 


U.S. productivity growth in the war and 
early postwar years were just about as great 
as the previous shortfalls during the Great 
Depression. This encourages reinterpretation 
of the postwar growth period as one of tem- 
porary catch-up, merely making up for op- 
portunities previously foregone. Perhaps the 
accumulated innovative ideas, unused be- 
cause of the depression, as well as frustrated 
savings goals, fueled an outburst of innova- 
tion and investment when business condi- 
tions permitted. With time, as the backlog of 
ideas and investable funds was depleted, 
productivity growth rates declined to their 
normal levels. (On all this, see Abramovitz, 
1979.) 


VI. Productivity, Unemployment, 
and Deindustrialization 


The long-term data also permit us to dis- 
pose of some other popular views, several of 
which economic theory has long ago shown 
to be myths. It is widely feared that rapid 
labor productivity growth will destroy jobs, 
even in the long run. Second, somewhat in- 
consistently, it is feared that if an economy’s 
productivity growth lags behind that of other 
countries, it will lose jobs to foreign workers, 
its industry will suffer, and its balance of 
payments will face chronic deficits (these last 


alleged consequences are sometimes called 
“deindustrialization”). Economists will not 
be surprised that the data do not support 
any of these conclusions.!® 

The long-run unemployment allegation 
implies that the twelvefold increase in U.S. 
output per work-hour and the sevenfold and 
sixteenfold increases in the United Kingdom 
and Germany, respectively, must have had a 
devastating effect on their labor demands. 
Even with a 50 percent cut in annual work- 
hours, employment could have fallen by 5/6, 
relative to population, without a decline in 
gross domestic product per capita. 

The data confirm that nothing of the sort 
actually occurred. M-F-O’s figures for unem- 
ployment rates for the United Kingdom, the 
United States, and Germany from 1874 to 
1973 indicate that, while unemployment rates 

. averaged about 4 percent before World War 
Il, they had, if anything, fallen somewhat 
below that level in the period 1952-73. This 
is so despite the substantial rise in the ratio 
of number of persons in the labor force to 
total population which, according to Maddi- 
son’s figures, went up in all 3 countries from 


For a systematic study that rejects the deindustri- 
alization theses for postwar United States, see Robert 
Lawrence (1984). : 
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an unweighted mean of 34 percent in 1870 to 
45 percent in 1979. 

The same data also undermine the (nearly) 
opposite apprehension— that a laggard in pro- 
ductivity growth is subject to extraordinary 
unemployment problems. The M-F-O figures 
(p. 94) show a fall in U.K. unemployment 
rates from 4.7 percent from 1873 to 1913 to 
some 3 percent, on average, in 1952-73. Of 
course, unemployment rates have since risen 
sharply, but this is not evidence of a long- 
term trend. 

There is no more substance to the view of 
many noneconomists that a persistent lag in 
a nation’s productivity growth will place it at 
a competitive disadvantage in international 
trade, excluding it increasingly from export 
markets, with devastating effects upon its 
export industries and its balance of pay- 
ments. Economic analysis denies much of 
this. Balance of payments will ultimately be 
brought into equilibrium whatever a nation’s 
productivity performance and, since trade 
depends heavily on comparative rather than 
absolute advantage, it need have little effect 
on exports. Instead, the exchange rate and 
the standard of living of the country with 
lagging productivity will bear the brunt of 
the burden as it is forced, increasingly, to 
compete by means of relatively low wages. It 
is true that the United Kingdom’s share of 
world manufacturing exports has fallen 
sharply from 43 percent of the world’s total 
in 1880 all the way down to 9 percent of the 
total in 1973 (M-F-O, p. 425). But Britain’s 
net exports of goods and services (the bal- 
ance of visible trade) has moved fairly stead- 
ily in its favor since the 1870’s (M-F-O, 
p. 443). 

In addition, the absolute volume of U.K. 
exports rose spectacularly. As Table 1 re- 
ports, between 1870 and 1979 British exports 
increased about tenfold, and from 1855 to 
1973 U.K. exports of goods increased 13 
times (M-F-O, p. 427). 

Nor has the United Kingdom been forced 
to deindustrialize internally. Maddison’s 
figures (p. 205) on the share of the labor 
force in industry do show that Britain de- 
clined from first place among his 16 coun- 
tries in 1870 to fourth place (behind 
Germany, Austria, and Switzerland) in 1979. 
But industry’s share of employment in the 
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United Kingdom was still 88 percent of that 
of the leader’s (Germany), and the United 
Kingdom continued ahead of Sweden, 
France, the United States, Belgium, and 
Japan."! If this is deindustrialization, it cer- 
tainly is not extreme. 

There remains the question whether the 
U.K.’s decreased share of world exports 
damaged its economic welfare severely. That 
is, if Germany, Japan and Italy had not 
outpaced U.K. productivity growth and so 
had not increased their share of world trade 
at the U.K.’s expense, would an average 
Englishman have been far better off? The 
easy conclusion that he would is disputed by 
D. N. McCloskey (at least for the period 
1870-1913) in a thoughtful paper (1981, pp. 
173-83). First, whatever portion of Britain’s 
output was not exported as a result must 
have added to domestic consumption or in- 
vestment. The net loss on this score (the net 
producer’s surplus on the exports) may have 
been negligible. In addition, growing pro- 
ductivity in Japan, Germany and elsewhere 
enables a British subject to import cameras, 
TV sets, and many other items far more 
cheaply than if the productivity of other 
countries had stagnated. There must also 
have been an upward shift in the demand 
curves for British goods by those countries 
because of their rising incomes. McCloskey 
concludes that reports of the detrimental 
effect on the U.K. living standard of the 
productivity record of its industrialized rivals 
have been greatly exaggerated. 


VIE. Concluding Comment 


This paper is an exercise in interpretation 
of data supplied by others. I have examined 
no primary sources and have not attempted 
to supply, or even to revise, sets of statistics 
(though I have undertaken to cross check my 
results where several parallel data sets were 
available). Yet the data were able to provide 


Here, too, there has been a considerable narrowing 
of range. In 1870, with data for 4 countries missing, the 
share of workers in industry extended from 9.7 percent 
(Finland) to 42.3 (United Kingdom), with several coun- 
tries near 20 percent and several in the high 30’s. By 
1979, that range ran only from a low of 28.7 percent 
(Canada) to a high of 44 percent (Germany). 
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some suggestive conclusions which need not 
be repeated here. 

Above all, it seems to me the paper has 
reaffirmed that the study of economic history 
is not simply a manifestation of “idle curios- 
ity” (to use Veblen’s characterization of the 
motive for academic research). The long run 
does matter. It matters in several ways, at 
least one of them confirmed by the preced- 
ing discussion. 

First, important current issues are, I be- 
lieve, the product of path-dependent pro- 
cesses whose mathematical expression must 
take the form of functionals rather than 
mere functions, meaning that we cannot un- 
derstand current phenomena such as the rel- 
ative productive capacities of different econ- 
omies without systematic examination of 
earlier events which affect the present and 
will continue to exercise profound effects 
tomorrow. (This, in my view of the matter, is 
a major element in the Hegelian and Marxian 
view of the importance of history.) 

Second, the long run matters, because 
policies designed with only short-run prob- 
lems and consequences in mind are all too 
likely to backfire once the immediate crisis is 
past. (This and the next point were, I be- 
lieve, the main sources of Viner’s preoccupa- 
tion with the long run.) 

Third, focus upon short-run phenomena 
such as recessions may lead an investigator 
to ignore more powerful and persistent forces 
such as those that were the primary concern 
of the classical economists. 

Finally, and most pertinent to the dis- 
cussion here, the long run is important be- 
cause it is not sensible for economists and 
policymakers to attempt to discern long-run 
trends and their outcomes from the flow of 
short-run developments, which may be dom- 
inated by transient conditions. The validity 
of this view is surely confirmed at several 
points in this article, perhaps most dramati- 
cally by the way history places in perspective 
the recent developments in U.S. productivity 
which have been the focus of so much alarm. 
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Taxation of Investment and Savings in a World Economy 


By Rocer H. GoRDON* 


The equilibrium allocation of capital and equilibrium market prices are derived 
for a world economy with a unified securities market, mobile capital, no uncer- 
tainty, and varying tax rates on different sources of income in each country. The 
paper then characterizes optimal tax rates for a small country in this setting, 
focusing on the peculiar incentives created when the before-tax rate of return 
differs among securities due to differences in their typical tax treatment. 


Traditionally, papers examining the effects 
of taxes on the amount of savings, the allo- 
cation of capital, the composition of indi- 
vidual portfolios, and economic efficiency, 
have assumed that the economy is closed. 
There have been a few recent exceptions to 
this rule, among them Martin Feldstein and 
David Hartman (1979), Hartman (1981, 


1985), Daniel Frisch (1983), and Lawrence : 


Goulder, John Shoven, and John Whalley 
(1983). These papers, however, have gen- 
erally made quite restrictive assumptions 
about the determinants of international 
movements of capital. For example, Feld- 
stein and Hartman, Hartman (1981), and 
Frisch restrict their discussion to the incen- 
tives faced by multinationals based in the 
United States who consider investing abroad, 
while Hartman (1985) focuses on direct in- 
vestment in the United States by foreigners. 
Goulder et al. adopt a more flexible specifi- 
cation in which movement of capital de- 
pends on interest rate differentials, but not 
on taxes. 

The first objective of this paper is to de- 
velop a general equilibrium model of how 
taxes affect the amount and form of interna- 
tional flow of capital. Among other ques- 


*Professor of Economics, University of Michigan, 
Ann Arbor, MI 48109 and Research Associate, NBER. 
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Jay Wilson for comments on an earlier draft. I also 
thank Hal Varian for assistance with the graphics. Much 
of this paper was written while I was visiting Tel-Aviv 
University and the Sonderforschungsbereich 303 at the 
University of Bonn. 
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tions, it will examine how taxes affect rela- 
tive interest rates in different countries, the 
ownership pattern of financial and real as- 
sets, and relative capital intensities in differ- 
ent countries. The model also suggests a 
possible tax explanation for the importance 
of multinationals. The other objective of the 
paper is to analyze the implications of this 
model for the optimal tax policy of a small 
open economy. 

Throughout the paper, in order to keep 
the model simple, I assume that there is no 
uncertainty, that all firms have the same 
technology, and that capital and output are 
freely mobile between countries. To obtain 
an equilibrium, I assume a sufficient set of 
constraints on portfolio behavior, following 
the approach used in Merton Miller (1977). 
As in Miller, each individual will either be 
completely indifferent or prefer a corner 
solution when choosing between any pair of 
assets. 

In Section I, I develop a model of equi- 
librium savings, portfolio composition, and 
capital allocation in an open economy as- 
suming either that all assets are traded inter- 
nationally, or, alternatively, that only bonds 
are traded internationally. In Section II, I 
explore the implications of each of these 
models for optimal tax policy. Finally, Sec- 
tion III provides a summary of the results 
and a short discussion of the effects of relax- 
ing some of the less realistic assumptions. 


1 Harvey Galper and Eric Toder (1984) used a similar 
set of assumptions to analyze savings and investment 
incentives in a closed economy with many assets, each 
treated differently for tax purposes. 
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I, Equilibrium Portfolios and Capital Allocation 
A. Characteristics of the Model 


In this world economy, there are N coun- 
tries. Each country consists of one repre- 
sentative individual and a corporate sector 
which acts competitively. The economy op- 
erates for two periods. There is only one 
good in the world economy, which is freely 
tradeable among the countries and can be 
either consumed or invested. This assump- 
tion implies that there will be purchasing 
power parity in each period. By assumption, 
the price level is the same in the first period 
in every country, and is the numeraire. 

In the first period in each country j, the 
government produces an amount of public 
services, G;, financed by debt, which it re- 
pays out of tax revenues in the second period. 
The representative individual in country j 
starts off the first period with wealth Y, 
which can be spent on first-period consump- 
tion, C}, or invested in whatever asset yields 
the best net return. In addition to govern- 
ment bonds, the individual can invest in 
corporate bonds or corporate equity. The 
corporations issue these securities during the 
first period to finance their capital invest- 
ments. 

During the second period, the individual 
works L, hours, earning a before-tax real 
wage rate of w,;. The tax rate on labor in- 
come is s, The individual’s consumption 
during the ‘second period, C,,, equals his(her) 
net-of-tax labor income plus the value of his 
savings. If the best available real net-of-tax 
return available on investments in the first 
period is l; then the individuals budget 
constraint is Cj = w;(1— s;)L; +(¥; — Ci) 
+q;). The individual chooses C, and L,, 
subject to this budget constraint, to maxi- 
mize W; = U(Cn, G2, L;)+ U *(G;). His re- 
sulting utility can be represented, using the 
indirect utility function, by V(w,(1—s,), 
qj; Yj, Gj). 

When investing in the first period, each 
individual can invest in government bonds, 
corporate bonds, or corporate equity issued 
in any of the N countries. Bonds issued in 
any country k pay a nominal coupon rate 
denoted by r,. This nominal coupon is tax- 
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TABLE 1— DEFINITIONS OF SYMBOLS 


“Ky ” 


Value of some Variable in Country j 


Consumption in Period n 

Government Expenditures in Period 

Capital Investment Used in Production in Period 2 
Labor Supply in Period 2 

Number of Countries 

Initial Wealth 


Fraction of Capital Financed’ with Bonds 
Maximum Debt-Capital Ratio 
Nominal Capital Gains on Equity 
Tax Rate on Capital Gains 
Before-Tax Return on Individual’s Investments 
Before-Tax Cost of Finance of Corporate 
Investments 
q Best Available Net-of-Tax Return to Investors 
q° Minimum Net-of-Tax Cost of Finance for 
a Corporation 
r Nominal Interest Rate 
s Tax Rate on Labor Income 
t Tax Rate on Interest Income 
w  Before-Tax Wage Rate 
Y 
7 
T 


Aa KADRAN X 


a 


SS OQ e 


Tax Rate on Corporate Capital Gains 
Domestic Inflation Rate 
Tax Rate on Corporate Income 


i (r—m)/(. +2) 
v 1f+m) 

a (-/G~g) 
a (l-7)/Q-7) 


able in the investor’s home country j at a tax 
rate t,, where t;> 0.7 Let the inflation rate 
in country k between the two periods be 
denoted by 7,. As long as the inflation rates 
in countries j and k differ, then the investor 
will have a capital gain or loss due to ex- 
change rate changes when the bond principal 
is repaid. This capital gain or loss will be 
subject to tax at the capital gains tax rate 
equal to g;, where g,<t,. Given this as- 
sumption, a unit invested in bonds of coun- 
try k has a real net-of-tax value in the 
second period of (1+r,(1—1;))/Q.+ %)—- 
gil A+ 7,)-1/0+ m). Let v, represent 
the real value of a unit of currency in coun- 
try k in the second period for each k, so that 
vg =1/(1+ 7,). Then the real net-of-tax 


2I ignore here any withholding tax due in the coun- 
try in which the bonds were issued. For a discussion 
of the use of withholding taxes, see Vito Tanzi (1984, 
pp. 62-63). 
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value of a unit invested in bonds can be 
reexpressed as 1+ v,[r,(1—t,)- m1- g,)] 
T VB jT 

If the individual from country j invests 
instead in equity issued in country k, the 
entire return he receives is assumed to take 
the form of capital gains, which are taxable 
at the same capital gains tax rate g? Let e, 
denote the nominal rate of capital gains on 
equity issued in country k. Then the real 
after-tax value in the second period of a unit 
invested in this security equals v,(1+ e,)— 
glv + e,) — uj] =1+ 0,(e,— TA- g;) 
med Fis 

In order to have a well-defined equi- 
librium in the securities market in this set- 
ting, some constraints must be imposed on 
individual trading.* Following Miller, I as- 
sume that individuals must invest a non- 
negative amount in an asset, so that by 
assumption they cannot borrow and cannot 
sell equity short. Some justification for these 
assumptions can be found in institutional 
limitations in the equity market, and in tax 
law regulations which at least in the United 
States prevent unlimited interest deductions 
and rule out capital gains treatment of short 
sales of equity. Each individual would then 
choose to invest in that security or securities 
yielding the highest available after-tax re- 
turn. 

In each country j, corporations issue equity 
and bonds during the first period to finance 
their ‘capital stock. These securities can be 
issued in any currency. Let d, represent the 
fraction of the capital financed with bonds. I 
assume that this fraction d, must be non- 
negative and must not exceed some value d,. 
These assumptions are necessary to guaran- 
tee an equilibrium. U.S. tax law prevents a 
corporation from investing in more than a 
small amount of financial assets, preventing 


3I assume for simplicity that the tax rate on ex- 
change rate capital gains or losses is the same as that on 
other types of capital gains or losses. Some countries do 
vary the tax rate on capital gains, depending on the 
source. 

*For a discussion of the necessity of constraints on 
behavior in a certainty model with different tax rates, if 
infinite amounts of tax arbitrage are to be avoided, see 
Mervyn King (1977). 
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d from becoming too negative. Also, agency 
and bankruptcy costs presumably prevent 
corporations from borrowing too heavily. 
Implicitly, I am assuming that each firm has 
idiosyncratic risk which limits its ability to 
borrow but does not give rise to any market 
risk. 

During the second period, the corporation 
uses this capital along with labor to produce 
output using a constant returns to scale pro- 
duction function. If the amount of capital 
raised is K,, then real output, net of depreci- 
ation, is f(K,, L;), where fy > Oand fgg <0. 
This output, net of labor expenses, is subject 
to a corporate income tax at rate T.’ This 
leaves a net income of (f(K;, L;)—w;L;)1 
—1;), plus the original capital stock K,, 
which together is used to pay back the firm’s 
equity holders and bondholders.® 

‘Coupon payments to bondholders are as- 
sumed to be deductible from corporate tax- 
able income. In addition, any capital gains 
or losses on the amount that must be repaid 
as principal on these bonds is subject to 
taxation at a corporate capital gains tax rate 
of y;. If the firm originally borrowed an 
amount d,K, in some country k, then the 
amount of real goods it must have available 
in the second period in order to repay this 
debt, given the tax treatment of coupon pay- 
ments and capital gains, equals d,K,[1+ 
PO EEA — m%(1- y))— yy)” 

Similarly, if the firm raised the remaining 
amount of capital, (1—d;)K,, by issuing 


5To the degree that the actual corporate tax base 
differs from the one assumed here, such as by having 
historic cost depreciation or investment credits, then the 
tax rate on fg would have to be modified appropriately. 
However, the statutory rates would still apply to inter- 
est payments and exchange rate gains or losses. 

6I ignore here any tax complications that might arise 
if the corporation is a multinational based elsewhere. In 
principle, the income net of local taxes might be subject 
to further taxes when it is repatriated to the home 
country. As Hartman (1981) argues, a U.S.-based corpo- 
ration can avoid these further taxes either by indefi- 
nitely postponing repatriation, or by investing in such a 
mix of foreign countries that its average tax payment 
abroad is at least as high as the U.S. tax payment would 
be. These complications are discussed further below. 

7This follows from the same derivation used in 
calculating the real amount an individual investor re- 
ceives from owning a bond. 
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equity in some country k, then the amount 
of real goods.it needs in the second period to 
provide the rate of return required in the 
market equals (1—d,)K,{1+ 0,(e, ~ m) 
The amount it pays to ‘equity holders and to 
bondholders together must equal the amount 
of resources it has available. 

I assume that each corporation is a price 
taker in the world securities market, and 
issues that type of security and in that coun- 
try which minimizes its cost of funds, subject 
to the constraints on d, described above. Let 
1+ qj represent the minimum real amount 
the firm in country j must pay back in the 
second period per unit of funds raised in the 
first period. The firm is assumed to choose 
the amount of funds, K,, that it raises in the 
first period so as to maximize profits, imply- 
ing that in equilibrium f,(1—1;) = qj. 


B. Equilibrium in a Closed Economy 


Consider first the equilibrium of this model 
in the special case in which there is only one 
country. This case describes a closed econ- 
omy, the context of most of the papers 
analyzing the effects of taxes on savings and 
investment. Given the necessary presence of 
government bonds and corporate equity, 
equilibrium in the securities market in coun- 
try j requires that the investor in that coun- 
try be willing to own both these domestic 
securities. Therefore, the after-tax rate of 
return on these two securities must be the 
same, implying that (1 — t;)r; = (1— g,)e; or, 
equivalently, a,r,=e,, where by definition 
a; =(1—1t;)/(1— g;). Here a; captures the 
tax disadvantage of coupon payments, which 
are taxed as ordinary income, relative to 
other income which takes the form of capital 
gains. 

Given this relation, it is trivial to show 
that the corporation will find debt finance 
cheaper than equity finance if and only if 
Tq >l—a, or, alternatively, if and only if 

T, + g(1—1,) > t,t Hence, the left-hand side 
of the second inequality describes the per- 


’ This is a standard result in corporate finance. See, 
for example, my earlier paper (1982). 
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cent of income paid in taxes under equity 
finance through both the corporate tax and - 
the capital gains tax applied to that income 
remaining after corporate taxes, while the 
right-hand side describes the percent of in- 
come paid in taxes under debt finance. If 
debt is cheaper, the firm will set d; equal to 
its maximum possible value d,; otherwise it 
will use solely equity finance. With whatever 
value it chooses for d;, the optimal capital 
stock for the firm will be characterized im- 
plicitly by? 


(1) fx (Kj, L,)(1- T) 


=a (1—d;)+ djr(1— 5) ~ 1 


C. Equilibrium in an Open Economy 


Assume now that there are N countries in 
the world economy, with individual investors 
in each country able to invest in any of 2N 
assets: bonds and corporate equity issued in 
each of the N countries. For convenience, let 
these countries be indexed based on their 
inflation rates; those that have low inflation 
rates will have a low index. This implies that 
v> 0>... > Uy, Where v =1/(1+ 7). 

In equilibrium, all assets must be owned, 
each investor buys only those assets which 
yield the highest net return, and each corpo- 
ration finances itself in the cheapest avail- 
able way. An investor in country j must 
compare the net return on equity issued in 
each country k, which yields v(e, — m,i 
— gj)— vj;g;7;, and the net return on bonds 
in each country k, which yields v,[7,(1—¢;) 
— 7,(1— g;)|— ugm. A number can be 
added to each of these yields, and each of 
these yields can be multiplied by some (posi- 
tive) number, without changing the ranking 
of these 2N available returns. Therefore, an 
equivalent statement is that the investor is 
looking for the maximum of the v,(e, — mys 
and the v,(a,r,—7,)s. Since coupon pay- 
ments are taxed more heavily, they must be 
discounted—receiving a unit of coupon pay- 


*Similar results appear in Alan Auerbach (1979) or 
my article (1984). 
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ments is equivalent to receiving a, units of 
capital gains. All other income is already 
taxed as a capital gain. 


It immediately follows that all equity that 


is issued must earn the same real before-tax 
return, that is, all the values of v,(e, — 7) 
must be the same. If some value were lower, 
then all investors would find this security 
dominated by others that are available. It 
also follows easily that the real before-tax 
return earned on each bond must exceed the 
common real return earned on equity in all 
countries, so that v,(7,— T) > v,(e, — Th) 
To see this, assume to the contrary that this 
inequality does not hold for bonds from 
some country k. Then, since 0<a,<1 for 
all j, every investor would find bonds from 
this country k dominated by equity and the 
market for this bond would not clear. Inves- 
tors need some compensation when they buy 
a bond because some of the income earned 
on that bond is taxable at the ordinary tax 
rate, ¢;, rather than at the capital gains tax 
rate, g. 

By the same reasoning, it follows that 
bonds issued in countries with a higher infla- 
tion rate must pay a higher before-tax real 
interest rate. These bonds must pay a higher 
nominal coupon to compensate for the 
greater capital loss on the bond principal 
caused by the higher inflation rate. But this 
means that these bonds generate more in- 
come taxable at ordinary tax rates, and so 
must pay a higher real return before tax to 
compensate for the higher taxes due. To 
show this formally, consider bonds from two 
countries, j and k, where the inflation rate 
is higher in country k. In equilibrium, some- 
one must choose to own the bonds issued in 
country k, so that for investors from some 
country m it must be the case that v,(a,,7, 
— Tg) Z 0,(a,,%; — m). Therefore, verg — Tg) 
2 v(t; p= mj) T a +2 Om VAT 7 VTj)/ Am 
Since the inflation rate is higher in country k 
than in country j, the last term must be 
positive, and the result follows. 

Several further characteristics of an equi- 
librium for this economy are described 
graphically in Figure 1. For simplicity, I deal 
with only three countries in the graph, the 
first with a low inflation rate, the second 
with an intermediate inflation rate, and the 
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FIGURE 1. DETERMINATION OF INVESTOR'S 
PORTFOLIO CHOICE 


third with a high inflation rate. The argu- 
ments immediately generalize to many coun- 
tries. In the graph, the relative returns earned 
on the available securities are plotted as a 
function of the tax parameter a faced by an 
investor. 

Each investor compares the values of 
v,(e, — 7,) and v,(ar,— m) for all k when 
deciding how to invest. The return on equity 
from each country k must be the same, and 
does not vary with the tax parameter a. It is 
therefore plotted in Figure 1 as a horizontal 
line. The net return earned on each of the 
bonds increases linearly in a. Since bonds 
from a country with a higher inflation rate 
must pay a higher real return, the net return 
when a=1 must be higher, and so the inter- 
cept of the net return line on the right-hand 
vertical axis must be higher. In addition, 
since a bond from a country with a higher 
inflation rate must pay a higher coupon,!° 
and so generates more income taxable at 
ordinary rates, the net return from this bond 
is more sensitive to the value of the tax 
parameter a, and the return line in the graph 
must have a steeper slope. Therefore, the net 
return lines must look as they do in Figure 1. 

Each investor chooses that asset that yields 
the highest return, given his value of a. As is 
seen in the figure, investors with values of a 


This bond must pay a higher coupon not only to 
compensate for the greater depreciation of the principal 
due to inflation, but also to compensate for the larger 
resulting taxable income. 
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below some a’ earn the highest net return by 
investing in equity. These are the tax payers 
facing the largest tax penalty for earning 
income in the form of coupon payments 
rather than capital gains. Similarly, those 
investors with values of a above some a” 
earn the highest net return by investing in 
bonds from the country with the highest 


inflation rate. These bonds pay the largest ` 


pre-tax real return, and if the investor faces 
relatively equal tax rates on coupon pay- 
ments and capital gains, they also pay the 
largest post-tax return. Among the remain- 
ing investors, those with a value of a be- 
tween a’ and a”, who face a relatively large 
tax penalty for earning income in the form 
of coupon payments, prefer the bonds from 
the country with the low inflation rate, since 
these bonds generate relatively less income 
taxable at ordinary rates. In equilibrium, the 
intercepts of all the asset lines must adjust so 
that demand for each asset equals the supply 
of each asset. 

This equilibrium is directly analogous to 
that commonly described for the municipal 
bond market, where high tax bracket inves- 
tors buy tax exempt securities. Here, equity 
is the most tax-favored security since none 
of its income is taxed as ordinary income, 
while the bond from the highest inflation 
country is the least tax favored since it gen- 
erates a lot of fully taxable income. 

The best available asset for an investor is 
a function solely of the tax parameter a that 
the investor faces. Unless a country’s tax 
parameter a and its inflation rate are aligned 
just right, this best asset will be a foreign 
security.) 

One other important observation to make 
from Figure 1 is that there is no one value of 
the tax parameter a at which all net returns 
are equal. Explaining differences in real in- 
terest rates is more complicated. For exam- 
ple, the real returns on the bonds from the 
two countries with the highest inflation rates 
are equal for an investor facing a tax param- 


UMaurice Levi (1977) also pointed out in a two- 
country setting the possibility that the tax law would 
lead investors in each country to invest in bonds issued 
in the other country. 
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eter a”, implying, using the above deriva- 
tion, that v,(7, — 73) =n — ™m)+0- 
a!” )(v37; — vam) /a*” 2 However, a differ- 
ent tax parameter would need to be used to 
explain the difference in interest rates be- 
tween any other pair of bonds, or between 
any bond and equity. Interest rate parity 
conditions in this setting are much more 
complicated than they are in standard trade 
models. In particular, real before-tax interest 
rates are not equated across countries in this 
setting, nor are real after-tax interest rates 
for any one given tax rate.” 

Corporations are simultaneously making 
an analogous set of choices concerning how 
to finance their investments. A corporation 
in each country j would compare the amount 
it must repay if it raises a unit of funds with 
equity or with bonds in each country k, and 
choose the minimum cost source of funds, 
subject to the constraints on its use of debt. 
The cost of equity finance in each country k 
is simply v,(e,—,). But this real rate of 
return required on equity must be the same 
in all countries, to insure that investors are 
willing to hold all the issued equity. There- 
fore, corporations are also indifferent con- 
cerning where they issue their equity. They 
might as well issue their equity domestically. 

The choice concerning where, if at all, to 
issue debt is much more complicated. If a 
firm in country j were to issue debt, it would 
do so wherever debt is cheapest, and so 
would seek the lowest value of v,(r,(1— 7) 
~ 7,(1— y;))— ¥y7¥;7;. Equivalently, by the 
same argument used in analyzing individual 
portfolio choices, it would choose that coun- 
try k where v,(ajr, — 7,) is smallest, where 
aj = (1—7)/(.—y;). The minimum cost of 
debt is a function of the tax parameter a’, 


12 This condition can be rewritten in a more natural 
form as o(a”) m(1— g’””)) =m) 
=m (1— g” )}, where 1’” and g% are tax rates con- 
sistent with a’. 

134 number of writers, including Hartman (1979), 
Tanzi (1980), John Makin (1984), and Robin Boadway, 
Neil Bruce, and Jack Mintz (1984), have pointed out 
that after-tax real rates, rather than before-tax rates, 
ought to be equated in equilibrium. These papers as- 
sume, however, that there is some one tax rate at which 
all after-tax real rates are equated, contrary to the above 
results. 
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and is described in Figure 1 by the lower 
envelope of the three bond return lines. This 
lower envelope has been highlighted. 

The figure indicates that a corporation, if 
it were to borrow at all, would do so either 
_in the highest or in the lowest inflation rate 
country—regardless of the value of a‘, the 
minimum of the three bond lines is never on 
the line representing bonds from the country 
with an intermediate inflation rate. If a cor- 
poration faces a low value of a‘, it faces a 
substantial tax incentive to make payments 
in the form of coupon payments rather than 
capital gains to investors, so would prefer to 
issue bonds in the highest inflation rate 
country. Conversely, if it faces a high value 
of a‘, the form of payment makes little 
difference for tax purposes, and it would 
prefer to issue bonds in the lowest inflation 
rate country, where the before-tax real cost 
is lowest. This result is a general one. To see 
this, assume to the contrary that for some 
a°, a corporation would find it cheapest to 
borrow in some other country k. Therefore, 
vu, (ar, ~ Tg) < vla r — m), where the first 
country has by construction the lowest infla- 
tion rate. Since the real coupon rate must be 
higher in country k, this inequality will con- 
tinue to be satisfied for any value of a 
smaller than a°. Similarly, by assumption, 
v,( a'r, — Tg) < Uy (ary — Ty), Where coun- 
try N has the highest inflation rate. This 
inequality must continue to be satisfied for 
any value of a larger than a‘, implying that 
bonds from country k would not be pur- 
chased by any investor, a contradiction. 

This result that a corporation, if it bor- 
rows at all, prefers to borrow in the highest 
or the lowest inflation rate country clearly 
contradicts the evidence. Presumably the 
agency costs of debt are less if the debt is 
used to finance an investment made in the 
same country, and enough so that this con- 
sideration normally outweighs the tax incen- 
tives. 

In order to decide whether to borrow at 
all, a corporation in country j would com- 
pare the cost of equity finance, u;(e;— m), 


Mince the cost of equity finance is the same every- 
where, I assume without loss that the firm issues equity 
domestically. 
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with the minimum cost of debt finance, 
v,(7,(1— T) + ml- Y) yY, where k 
equals either 1 or N. It would use debt 
finance only if debt finance is cheaper than 
equity finance. 

Given the equilibrium pricing of securities 
described in Figure 1, we know that the 
before-tax cost of debt must be greater than 
the before-tax cost of equity. Since payments 
to equity holders are not tax deductible, the 
after-tax cost of equity equals the before-tax 
cost. However, a firm pays its bondholders 
through coupon payments which are fully 
tax deductible, and exchange rate capital 
losses on the bond principal, which are 
deductible at the capital gains tax rate. For 
each unit it borrows in currency k, it saves 
in taxes an amount equal to T;Vg(rk — mg) + 
(T; — ¥) 047, + Yum, This ‘expression is 
positive at least as long as the before-tax real 
interest rate is positive, and is larger in coun- 
tries with higher values of 7; and 7;.!° A firm 
will find it attractive to borrow if these tax 
savings are large enough to offset the higher 
before-tax payment that must be made on 
debt relative to equity finance. 

In equilibrium, the cost of funds qf to a 
firm located in some country j is a weighted 
average of the required rate of return on 
equity and the minimum available required 
rate of return on debt, with the weights 
being either all on equity, or only 1— d, on 
equity and d, on debt. The firm, acting 
competitively, would then invest until the 
after-tax marginal product of capital equals 
this cost of funds qF. Ignoring the possibility 
of debt finance, all firms face the same cost 
of funds, regardless of the domestic tax rates 
faced by individual investors. Due to debt 
finance, however, those firms located in 
countries with higher inflation rates and 
higher corporate tax rates gain more by hav- 
ing access to the bond market and so face a 
lower cost of funds.!® As a result of this 
variation in qj, firms in countries with a 


15 The effect of variations in y on these tax savings is 
more complicated, but it is easy to show that the tax 
savings are largest when y; = 0. 

16 The cost of debt finance in any country k, vg (7, (1 

%) — mA- y;)) GYT, is declining in both 
T and j. 
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higher tax rate need not necessarily have a 
higher marginal product of capital. 

In deriving the required rate of return on 
investment in a country, I did not consider 
explicitly the possibility of investment by 
multinationals. All investment in a country, 
whether by a local company or by a multina- 
tional, is subject to local corporate taxes and 
no personal taxes. If a multinational must 
pay any additional corporate taxes to its 
home country at repatriation, then it would 
require a higher marginal product of capital 
than the local corporation would in order to 
be willing to invest, and so could not com- 
pete. Under U.S. law, repatriation cannot 
result in a drop in tax payments. Therefore, 
with this model, at best multinational firms 
are at no competitive disadvantage, and 
would normally be driven out by local cor- 
porations. 


D. Equilibrium in an Open Economy with 
No International Trade in Equity 


The model described above has many 
counterfactual implications. First, it implies 
that investors would normally specialize in a 
foreign security, and that a firm’s equity 
would normally be owned by foreigners. It 
also forecasts that multinational firms will 
not be important, since they are at a com- 
petitive disadvantage if any taxes are levied 
by the home country when profits are repa- 
triated. 

Simply adding uncertainty to the model 
would not eliminate these anomalies. While 
uncertainty would certainly lead investors to 
diversify their portfolios, it would result in 
much more international diversification than 
is observed empirically.!’ A variety of stories 


17 With uncertainty in the output of each firm, inves- 


tors would deviate from owning a proportional share in 
the world’s market portfolio due to tax incentives, which 
push them to concentrate their portfolio in those assets 
described above which are most appropriate given their 
tax rate. Domestic securities would normally be a minor 
part of an investor’s portfolio. If real exchange rates 
were also uncertain, Michael Adler and Bernard Dumas 
(1983) show that, ignoring taxes, investors will purchase 
a combination of domestic bonds and the market port- 
folio of equities, so again will not concentrate in domes- 
tic equity. i 
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might be told explaining why so little inter- 
national diversification occurs. For example, 
Michael Dooley and Peter Isard (1980) de- 
scribe the effects of capital controls on sécur- 
ity prices.!? Risk of default or expropriation 
may also limit international diversification. 
Under each of these stories, ownership of 
both foreign bonds and foreign equity would 
be limited. However, while some interna- 
tional trade in equity exists, volume is small 
relative to the volume of international loans. 
One story that might be told to explain the 
degree to which equity is owned domesti- 
cally is that domestic investors are far better 
informed about the distribution of possible 
returns on domestic equity than are foreign 
investors.!? If more than a small number of 
poorly informed foreigners invest in a do- 
mestic equity market, then they should earn 
a lower return than domestic investors.” 

Given the lack of international diversifica- 
tion observed in equity markets, in this sec- 
tion I explore an alternative model in which 
individuals can buy equity in only domestic 
firms, but can buy bonds issued anywhere.” 
Under this alternative approach, there will 
be an interesting tax explanation for the 
importance of multinationals,” and this 
model will have quite different implications 
for optimal tax policy. 

To begin with, however, I assume in ad- 
dition that there are no multinational firms. 
The equilibrium in this setting is very similar 


See below, and my paper with Hal Varian (1986) 
for reasons why a government may choose to institute 
such capital controls. 

MArminio Fraga (1984) describes a different ap- 
proach, in which each country produces a different 
commodity, and residents in each country consume 
primarily the locally produced commodity. With uncer- 
tainty, these residents would tend to hedge against 
uncertainty in the price of this good by investing heavily 
in domestic securities. 

20See Albert Kyle (1984) for an analysis of this type 
of model. 

21No attempt is made, however, to build in explicitly 
any reason why international trade in equity may be 
limited. Introducing differential information to the 
model, or both uncertainty and many different com- 
modities as in Fraga, would severely complicate the 
analysis. 

22See Adler-Dumas (1975) for a similar story of the 
role of multinationals in compensating for the lack of 
particular securities markets. 
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to that described previously. For simplicity, 
assume that each country’s investors have 
more than enough wealth to buy all the 
domestic equity. Each investor will buy, in 
addition to equity, whatever bonds are most 
appropriate given their tax rate. By the same 
arguments as before, those with high tax 
rates will prefer low coupon bonds, and con- 
versely. The previous results, describing rela- 
tive interest rates, will continue to hold. 

The allocation of capital will be very dif- 
ferent in this setting, however. Equity in a 
country must provide the same real rate of 
return as is earned on the bonds most ap- 
propriate for domestic investors, given their 
tax rate. This required rate of return on 
equity will vary by country, being higher in 
countries where investors face lower tax rates. 
Countries with high personal tax rates will 
therefore be more capital intensive than 
countries with low tax rates, This is true 
regardless of the impact of a country’s high 
personal tax rate on the domestic savings 
rate. When investors face high personal tax 
rates, they value more highly the capital 
gains tax treatment of investments in corpo- 
rate capital, and are willing to accept in 
return a lower before-tax return. This result 
is contrary to the standard results in a 
closed-economy setting. 

As a result, there would be an important 
role for multinationals in this model. Firms 
based in countries where investors face a low 
tax rate must provide a higher real rate of 
return on equity than firms based elsewhere. 
Yet all firms investing in a country, by as- 
sumption, have the same technology, and, 
ignoring any surtax at repatriation, pay the 
same corporate tax rate. Therefore, firms 
based in countries with high personal tax 
rates have a competitive advantage when 
investing abroad. If there were no tax 
at repatriation, then the equilibrium would 
be exactly that described earlier. Investors 
in the high-tax-rate countries would own 
the equity of domestic firms which invest 
throughout the world, while investors in 
lower-tax-rate countries would own bonds of 
the appropriate type.” 


231f firms based in a particular country must pay a 
large enough surtax when profits are repatriated, then 
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For the same reasons that individual in- 
vestors may not buy equity abroad, however, 
multinationals may not have quite the same 
technological opportunities in foreign coun- 
tries. Local firms may have much better in- 
formation about local markets than would a 
foreign entrant.” A model which seriously 
addresses the implications of differential in- 
formation should therefore end up with some 
multinationals, given the tax incentives de- 
scribed above, but multinationals would not 
expand to the point where they control pro- 
duction in all countries with lower personal 
tax rates. 


Il. Implications for Government Policy” 


A. Optimal Tax Policy with 
International Trade in All Securities 


In general, characterizing optimal govern- 
ment policy in an open economy is quite 
complicated, since government decisions can 
affect world prices, and also may induce 
other governments to change their policies in 
response.”° The objective of this paper is not 
to describe all these general equilibrium 
complications, but merely to point out vari- 
ous considerations that have been ignored in 
the existing literature. To make these consid- 
erations clear, I assume: 1) there are many 
countries and each country is sufficiently 
small that its policy has a negligible impact 
on the level of world interest rates; 2) the set 
of available bonds is sufficiently dense that it 
can be well approximated by a continuum; *’ 
and 3) each government sets its policy based 
on world prices, and does not react strategi- 
cally to decisions of other governments. 


these firms will invest only domestically, and individual 


investors there will end up owning the appropriate 
bonds, as well as equity. 

24 However, a foreign entrant would likely have much 
better information about foreign markets than would an 
individual investor about foreign equity. 

25] would like to thank Jay Wilson for helpful advice 
on this section. 

?6For an examination of these complications, see 
Feldstein and Hartman. 

27Formally, in order to use differential analysis of tax 
changes, it must be assumed that the before-tax earn- 
ings on the investors’ portfolio change continuously, if 
at all, with respect to changes in tax parameters. 
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Given these assumptions, each country / 
takes as given the schedule of interest rates 
set in the world market, as portrayed in 
Figure 1. In particular, the country faces a 
horizontal supply of foreign equity at the 
real rate of return to equity required in the 
world securities market. In addition, the 
government faces a given real interest rate at 
which it can borrow money. Since this real 
borrowing cost depends on the domestic in- 
flation rate, I denote it by i(7,), so that 
i=u,(r;—17,). Similarly, domestic investors 
can invest as much as they want in whatever 
asset is appropriate, given their tax rate. 
Denote the real (before-tax) return from the 
best available asset by p;(a,). Also, denote 
the real (before-tax) cost of finance for 
domestic corporations, given the means of 
finance they choose, by p/(a aj, Yj). 

The government in country j is assumed 
to choose jointly the tax rates on labor in- 
come, corporate income, interest income, 
and both corporate and personal capital 
gains, using the tax revenue to fund govern- 
ment expenditures, so as to maximize the util- 
ity of the domestic resident. In addition, 
the government has control over the 
country’s inflation rate. I ignore, though, any 
revenue collected by the inflation tax and 
focus only on the implications of the infla- 
tion rate for market prices and for the reve- 
nue collected by the other taxes. I omit the 
subscripts j in the following discussion ex- 
cept when they are needed for clarity. 

As indicated earlier, the indirect utility of 
the domestic resident can be expressed as 
V(w",q; Y,G), where w” is defined to equal 
the net of tax wage, w(1— s), and where q is 
the net-of-tax rate of return earned on the 
best available asset. Similarly, the indi- 
vidual’s optimal labor supply, L, and opti- 
mal consumption in each period, denoted C, 
and C,, can also be expressed as functions of 
the same variables. 

In solving for its optimal policies, the 
government maximizes its residents’ utility 
subject to the aggregate resource constraint 
of the economy: 


(2) C,+(+i(7))\G+(1t p)K 


<f(K,L)+K+(Y¥—-C,)(1+ p(t)). 
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By assumption, corporate capital invest- 
ments are made by foreigners, while domes- 
tic residents invest in those foreign assets 
most appropriate given their tax rate. 28 Total 
domestic income is used to repay foreign 
owners of domestic corporate securities and 
government bonds, as well as to fund sec- 
ond-period consumption. 

Following the approach used by Peter 
Diamond and James Mirrlees (1971), the 
government, in setting its policy, is implicitly 
choosing values for w”, t, g, K, a, and the 
method of corporate finance, allowing G to 
adjust to satisfy the resource constraint. 
These values are under the control of the 
government, given the available tax instru- 
ments, and together they determine the equi- 
librium for the economy. In setting its policy, 
the government must take as given the be- 
havior of residents, which determine C}, C,, 
and L as functions. of w” and q. 

In a closed economy, the characteristics of 
an optimal tax policy are normally rather 
complicated.” For this small open economy, 
however, the situation is quite different. First, 
whatever the optimal choice for K, this in- 
vestment should be financed by equity. The 
investment rate is determined by q‘, but the 
cost of financing this investment depends on 
p°. For any given value of q‘, p° should be 
minimized and, as is seen in Figure 1, the 
minimum cost source of finance is equity. To 
insure that corporations do not use debt 
finance, the government could, for example, 
disallow interest deductions and deductions 
of capital losses on principal repayments, so 
that payments to both debt and equity 
holders would be treated the same for tax 
purposes. 

More important, each country will find it 
optimal to set its corporate tax rate to zero. 
Intuitively, since the supply of capital from 
abroad to the economy is infinitely elastic, 
labor bears the entire burden of either a 
labor income tax or a corporate income tax, 
so both lead to a change in labor supply 
decisions. A corporate tax, however, simulta- 


28If domestic residents buy domestic securities, then 
PY will simply equal the return earned. 
*See, for example, Feldstein (1978), King (1980), or 
David Bradford (1980). 
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neously creates an- additional distortion 
which reduces capital investment in the 
economy. It therefore is dominated by a 
jabor-income tax. To demonstrate the result 
formally, differentiate the utility function, 
V(w", q; Y, G), with respect to K allowing G 
to be determined by equation (2), while 
holding the other policy instruments, w”, t, 
g, and 7, constant. The resulting first-order 
condition states simply that f, = p‘, which 
is satisfied whenever t= 0. A small country 
should therefore not attempt to tax capital, 
regardless of the tax policies in other coun- 
tries.*° 

Another result which follows immediately 
is that, whenever some taxable bonds earn a 
higher before-tax rate of return than equity, 
a small country would never choose such a 
high value for the tax on interest income, 1, 
that its residents end up investing in corpo- 
rate equity. To see this, assume to the con- 
trary that its residents find equity to be the 
best available investment, given the tax rate 
t. Then marginal reductions in this tax rate 
have no effect on the equilibrium. But as the 
tax rate is lowered, at some point investors 
shift their portfolios entirely into bonds 
earning a higher before-tax rate of return. At 
this point, individuals receive the same after- 
tax return with the bonds as with equity, but 
the country receives a higher real before-tax 
return with bonds. Government revenues 
jump when the investors shift into taxable 
bonds, at no cost to investors, and so the 
government would find it advantageous to 
lower ¢ at least to this point. 

Someone has to own the equity, however. 
If all countries are small, and lower their 


307 ignore here any complications that arise if the 
corporation being taxed is a foreign-based multinational 
which owes further taxes when profits are repatriated. 
Bruce (1986) shows in this setting that if the firm’s 
home country gives a tax credit for corporate taxes 
already paid, as does the United States, then the local 
country should tax the multinational at a rate equal to 
that in the home country. 

31If enough countries tax interest income and capital 
gains at equal rates, so that all bonds plus some equity 
end up being owned by residents of these countries, 
then all securities will earn the same before-tax rate of 
return. * 
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interest income tax sufficiently to induce their 
residents to invest in taxable bonds, then the 
only equilibrium is one in which all bonds 
plus some equity are held by investors facing 
equal tax rates on interest income and capital 
gains, so that the real before-tax returns on 
all assets are the same. In this situation, no 
country has an incentive to lower its tax rate 
further.” Tax competition forces all coun- 
tries to choose tax rates such that t, = g,, for 
any given value of g,” 

However, if a country chooses optimal 
values for g and ¢ simultaneously, then it 
would set t = g whenever the real before-tax 
returns differ on different assets, regardless 
of the tax policy in other countries.** To see 
this, consider what happens when a country 
raises g while reducing ¢ as needed to keep q 
unchanged. These changes cause the tax 
parameter a to increase, inducing residents 
to shift their portfolio toward assets earning 
a higher before-tax return. These changes 
therefore increase government revenue at no 
cost to residents. By raising g, the govern- 
ment reduces the tax incentive investors face 
to shift their portfolios into assets earning a 
lower before-tax return. 

The U.S. Treasury recently proposed a 
change similar to this when it recommended 
that exchange rate capital gains and losses 
on foreign bonds be made fully taxable. 
Under this proposal, with g;=1¢,, after-tax 
income on an investment in bonds from 
country k would equal (1—#;)u,(7%, — ™)— 
t;u;7;. An investor in bonds would now 
purchase the bond paying the highest before- 
tax real return, v,(7, — mą). However, since 
the tax treatment of equity would remain 
different, investors may still prefer to invest 
in equity even if its before-tax rate of return 
is lower. 


32 Tf any set of countries choose values for ¢ below g, 
then interest rates would adjust so that their investors 
earn a lower before-tax return on their savings. Given 
that the subsidy also uses revenue, these countries would 
face an incentive to raise ¢ back up toward g. 

33Similar interactions among the tax policies of dif- 
ferent governments have been described in the fiscal 
federalism literature. See, for example, John Wilson 
(1985) or myself (1983). 

34T ignore here any of the administrative problems of 
taxing gains at accrual. 
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The factors affecting the optimal common 
value of t and g are just the same as those 
which would appear when analyzing a closed 
economy. In general, as shown in the Ap- 
pendix, when indirect utility V(w”, g; Y,G) 
is maximized with respect to the common 
value of ¢ and g, allowing G to adjust 
according to the economy’s budget con- 
straint, the first-order condition for the opti- 
mal common value of t and g is 


(3) dV/dt=(Y¥-C,)(A-8)p 


+Ap|(p—94)S(Cy,q)— swS(L, q)] =0. 


Here, A=(0V/0G)/(1+i), which is the 
marginal utility received from the expendi- 
tures resulting from extra government reve- 
nues. In contrast, 9 represents the marginal 
welfare that results when the individual re- 
ceives an extra unit of resources in the sec- 
ond period, taking into account not only the 
utility the individual receives from the extra 
consumption, but also the value of the ex- 
tra tax revenue received as a result of these 
extra expenditures.’ Anthony Atkinson and 
Joseph Stiglitz (1980, p. 373) show that, at 
the optimum, > @ as long as tax revenues 
are positive. Finally, S(L,q) and S(C,,q) 
represent the compensated effects of a change 
in q on L and C,, respectively. 

In this equation, the first term describes 
the change in the government’s revenue from 
the tax on the return to savings, holding the 
amount of savings constant. When the 
government collects more revenue as the tax 
rate rises, there is some net benefit since 
alternative sources of revenue are also costly. 
The last two terms describe the compensated 
change in savings and labor supply resulting 
from the drop in the individual’s net return 
to savings, the types of efficiency costs from 
tax increases focused on in past studies.*° 
Under normal assumptions, the optimal 
common value of ¢ and g would be positive. 
To show this, all we need to do is to demon- 
Strate that dV/dt>0 when evaluated at 1 
=0. The first term is clearly positive at 


35Mathematically, @ = 9U/8C, + A[sw(@L/aY)— 
(p~ qX9C, IYA + q). 
36See, for example, Bradford. 
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t=0, while the second term is clearly zero. 
Given the presumption that labor supply is 
unresponsive to interest rate changes, so 
that the last term is small, the entire deriva- 
tive must be positive. 

When in equilibrium different assets earn 
different before-tax rates of return, extra 
considerations also enter into the optimal 
choice for the domestic inflation rate. Given 
that the values of ¢ and g are chosen opti- 
mally, the model implies that a country al- 
ways has an incentive to lower its inflation 
rate. By lowering its inflation rate, a country 
lowers the real rate of return that it must 
pay on government debt, a clear gain. When 
a country lowers its inflation rate, it also 
lowers by a uniform amount the taxes col- 
lected on the returns from every asset that 
the resident might buy. However, this effect 
can be precisely offset by a suitable increase 
in the common values of ¢ and g. See the 
Appendix for a formal proof of this argu- 
ment. 


B. Other Policy Responses in 
an Open Economy 


If, for whatover reason, enough countries 
tax interest income more heavily than capital 
gains, so that there is a diversity of real 
before-tax returns on different financial as- 
sets in equilibrium, then governments face a 
variety of other peculiar incentives. 

To begin with, while individuals and cor- 
porations have been assumed to be unable to 
engage in arbitrage, governments may not 
face the same constraints. Given the pres- 
ence of these different rates of return, each 
government would wish to borrow at a low 
real rate and reinvest at a high real rate. For 
example, a low inflation rate country could 
issue debt to finance the purchase of foreign 
bonds issued by a high inflation rate coun- 
try. Similarly, a high inflation country could 
borrow in a foreign currency (for example, 
debt denominated in dollars), and use the 
funds to retire any debt issued in its own 
currency.?’ Within the model, there is no 


37This provides an intriguing explanation for the 
heavy indebtedness to U.S. banks of a number of devel- 
oping countries with high domestic inflation rates. 
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natural limit to these arbitrage opportuni- 
ties. Presumably such arbitrage is limited by 
the moral hazard problem of explicit default, 
or implicit default through unexpected infla- 
tion. 

Similarly, countries borrow at one real rate, 
while their investors save facing another real 
rate. When these two rates differ, there is an 
additional consideration when comparing 
debt vs. tax finance of government expendi- 
tures.°8 If a country has both a low inflation 
rate and a high value of a, then it faces an 
incentive to use debt finance, since it must 
pay a low real rate on its debt, whereas its 
investors, who increase their savings to cover 
future tax obligations, earn a higher before- 
tax real rate on their extra savings. 

In contrast, a country with both a high 
inflation rate and a low value of a has an 
incentive to avoid any debt and even to try 
to build up a stock of foreign reserves. Its 
investors earn a lower real return on their 
savings than the government must pay on its 
debt. Such a government might also try to 
induce its investors to buy domestic bonds 
rather than foreign bonds. Simply outlawing 
the purchase of foreign assets, however, may 
lead investors to buy domestic equity rather 
than domestic debt, and so earn an even 
lower before-tax rate of return. 

One other response a government might 
attempt to the restrictions capital mobility 
and tax competition impose on its tax policy 
is to negotiate with other governments con- 
cerning their joint tax policy. In isolation, 
each country sets its tax rates such that any 
small change has no effect on the utility of 
its representative citizen. However, a small 
change in one country’s tax policy could well 
have first-order effects on the utility of non- 
residents. When it does, there exists the pos- 
sibility of mutually beneficial tax treaties.*° 
Since an examination of the possibility of 
tax treaties inevitably involves examining de- 
cisions by a group of countries which collec- 


38Given the nature of the model used above, by tax 
finance I mean a lump sum tax imposed in the first 
period. 

3°See my article (1983) for a further discussion in the 
context of fiscal federalism. 
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tively can affect market prices, a problem 
avoided elsewhere in this paper, I leave this 
topic to future research. 


C. Optimal Tax Policy with 
No International Trade in Equity 


One characteristic of the small open econ- 
omy analyzed above is that tax rates on 
individual investors can be varied freely 
without affecting the required marginal 
product of corporate investment. This strong 
separation between the behavior of investors 
and the capital intensity of corporate pro- 
duction does not exist if there is no interna- 
tional trade in equity and no multinational 
firms, as in the model described at the end of 
Section I. Without this separation, ad- 
ditional complications arise when analyzing 
the effects of tax changes. 

In the model with no international trade 
in equity, individual portfolios consist of 
both domestic equity and foreign bonds. The 
required return on equity, and so the amount 
of investment, now depend directly on the 
tax treatment of bonds. Whenever the taxes 
collected on a unit investment in capital 
differ from those collected on a unit invest- 
ment in bonds, the portfolio composition of 
the country is distorted. ` 

When the corporate tax rate is chosen 
optimally, this would not occur. Given the 
existing personal tax rates, the country faces 
a horizontal supply of funds at the price p, 
and ought to invest until f, = p. This fol- 
lows immediately if the individual’s indirect 
utility function is differentiated with respect 
to K, taking into account how G is affected 
through the resource constraint of the econ- 
omy. The latter is now C,+(1+/)G= 
f(K, L)+ K++ pyXY—-C,- K). 

However, given the tax system, corpora- 
tions choose to invest until f,(l-7)=q° 
Therefore, at the optimal policy, 7=1-— 
q‘/p. If a domestic resident invests in bonds 
from some country m, then p = v,,(7,, — nm) 
if the corporation chooses to borrow in some 
country k, then q°=(1—d)u(e,—2,)+ 
d[v,(7,0.— T)— 71 — y))— yy]. In equi- 
librium, o,;(e; — 7) = v,,(7,(01 a) Tp). 
Substituting these equations for p and g, 
and using the result that fg = p, we find that 
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the optimal value of r also satisfies 

(4) cfK=(1-d)uv,7,,(1-«) 
+d [ fx T (0, (4(1- T) 
—m,(1—y))— vym))]. 


Optimal tax policy still involves investing 
until the marginal product of capital equals 
the rate of return available on the world 
market, but if interest income is subject to 
tax, this is no longer accomplished by setting 
the corporate tax rate to zero. Instead, the 
tax system must be designed so that the 
same amount is collected in tax on an invest- 
ment in corporate capital as is collected on 
an investment in foreign bonds. In equation 
(4), the left-hand side describes the corpo- 
rate taxes that would be paid if the invest- 
ment were equity financed. The first term on 
` the right-hand side measures the extra taxes 
due on interest income from bonds since it, 
unlike capital gains income, is taxable at 
ordinary tax rates. The last term measures 
the corporate tax savings from use of debt 
finance.“ The equation claims that the cor- 
porate tax rate should be set so that enough 
is collected in tax, given the tax savings from 
debt finance, to compensate for the heavier 
tax burden on interest income from foreign 
bonds. 

The optimal corporate tax rate can easily 
be substantial. For example, if the corpora- 
tion borrows domestically, if investors buy 
domestic bonds, and if t=.30, r=.10, r= 
.04, g =.4t, and d =.25, the optimal value of 
T would be 0.44. Since the corporate tax is 
used to offset the more favorable personal 
tax treatment of capital gains income, this 
result is very sensitive to the tax treatment of 
capital gains. If instead g=.2t, then the 
optimal r equals .58, while if g =t, the opti- 
mal r equals zero. 

The optimal value of the corporate tax 
rate can easily be much larger than the per- 
sonal tax rate on interest income t, because 


4°1¢ is still the case, though, that optimal tax policy 
would eliminate the tax incentive favoring use of debt 
finance. 
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the extra taxes due on nominal interest pay- 
ments must be compensated for by an extra 
tax on real corporate income. In order to 
collect the same taxes in each case, the tax 
rate applied to the real income may need to 
be higher. 

These results on optimal corporate taxa- 
tion are in sharp contrast to those found in 
the previous section, where equity was as- 
sumed to be tradeable internationally. There, 
the optimal corporate tax rate was zero, re- 
gardless of the value chosen for t, whereas 
here the optimal corporate tax rate can be 
much higher than the value chosen for t. 
Optimal corporate tax policy thus depends 
critically on which assets are tradeable inter- 
nationally. 


UI. Summary and Qualifications 


This paper has explored the characteristics 
of individual portfolio holdings in a world 
economy with a unified securities market 
where there are many countries, each with its 
own tax rates and inflation rate. When nomi- 
nal interest is fully taxable but income to 
equity owners is taxable only at lower capital 
gains rates in all countries, I show that the 
highest tax bracket investors specialize in 
equity and, among the remaining investors, 
those with lower tax rates buy bonds of 
countries with higher inflation rates. 

Because of the tax system, governments of 
countries with a higher inflation rate must 
pay a higher real interest rate on their debt. 
This is necessary in equilibrium to com- 
pensate those who purchase the debt for 
their higher taxable income, and gives coun- 
tries an incentive to lower their inflation 
rate. 

Similarly, the combined rate of return 
received by investors and the government 
together on the savings undertaken by in- 
vestors, which equals the real before-tax re- 
turn, is higher in countries where the tax 
rates on interest income and capital gains 
are more similar. This occurs because in- 
vestors facing relatively equal tax rates on all 
sources of income are less likely to buy a 
security earning a lower before-tax return 
because of its favorable tax treatment. Coun- 
tries whose investors specialize in equity, 
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because of a low tax rate on capital gains 
relative to other forms of income, receive the 
lowest real return on their savings. Optimal 
tax policy in a small country would involve 
equal tax rates on all forms of capital in- 
come, in order to avoid distorting the com- 
position of individual portfolios. 

In this setting, a small country would not 
find it attractive to impose a corporate in- 
come tax. A tax on either capital or labor 
would be borne entirely by labor, but a tax 
on capital creates a further distortion to 
capital-labor ratios. 

I also explore a model in which there is a 
unified world market in bonds, but no inter- 
national trade in equity. Here, I find a strong 
tax incentive for firms owned by investors in 
countries with high personal tax rates to 
become multinationals and invest abroad. 
These firms require a low real return on their 
investments since their equity owners have a 
low opportunity cost of funds. It remains 
true, however, that the highest tax rate coun- 
tries, which generate multinational firms, re- 
ceive the lowest real return on their savings. 

If multinationals are assumed not to play 
an important role, then investors in a coun- 
try would own both bonds and domestic 
equity. In this case, the tax system distorts 
investors’ portfolio choices whenever the 
total taxes paid on an equivalent investment 
in equity or foreign bonds differs. This is 
likely since nominal income on bonds is 
taxable under the personal tax, but only the 
real return on corporate capital is taxable 
under the corporate income tax. If equity 
investments are taxed more lightly, then there 
is an incentive on a government to raise its 
corporate tax rate, and/or lower its personal 
tax rate on interest income. 

As with any study, these conclusions de- 
pend on the assumptions used, and a num- 
ber of these assumptions are admittedly un- 
realistic. The most important one, perhaps, 
is the assumption of certainty. If asset re- 
turns were uncertain, then portfolios would 
become diversified, though would be pushed 
by the tax law in the direction described in 
this paper. In addition, as shown in my 
paper with Hal Varian, in the presence of 
uncertainty, even small countries will not 
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normally be price takers, implying extra 
complications when analyzing optimal gov- 
ernment policies. In particular, there will 
normally be incentives to restrict the amount 
of international trade in securities. 

This paper has also ignored a number of 
other factors which limit the amount of in- 
ternational trade in securities. For example, 
I have ignored the existence of capital con- 
trols in some countries, and have ignored the 
threat of default or expropriation. In ad- 
dition, I have ignored real exchange rate 
risk, which should push investors towards 
specializing in domestic securities. 

I have also assumed that physical capital 
is fully mobile between countries, so im- 
plicitly examine a long-run equilibrium. In 
addition, I ignore the effects of a delayed 
response in capital reallocation on optimal 
tax policy. 

Adding extra complications to the model 
undoubtedly would make the conclusions 
more complicated. The objective of this paper 
is to point out factors which arise even in 
simpler models, which should remain im- 
portant as further complications are added. 


APPENDIX 


The objective of this Appendix is to derive 
the effects of a marginal change either in the 
joint values of g and ¢ or in 7 on the welfare 
of the representative resident. The resident’s 
welfare can be expressed, using his (her) 
indirect utility function, by V(w”, q; Y,G). 
Government expenditures must satisfy the 
resources constraint for the economy de- 
scribed in equation (2). Differentiating util- 
ity with respect to t, keeping g= t, holding 
the other policy instruments w”, K, and 7, 
constant, and allowing G to adjust according 
to the resources constraint implies 


(Al) dV/dt =V,(dq/at) 


Me [OL g, 8G, 8G 
taan u OO Elon a] 


Substituting for C,, using the individuals 
budget constraint C,=(Y-—C,)(1+q)+ 
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w"L, and rearranging gives 


(a2) Zan- nr-e)) 5! 


ðL = ðq 

+À sw- (p- D> F 
However, the analogy to Roy’s identity in 
this context implies that V,=(Y—C,)x 
(dU/dC,). In addition, we can use the Slut- 
sky equation to decompose the effects of q 
on both L and C, into substitution effects 
and income effects. For example, ðL/ðq = 
S(L, g) +Y — C)/ + g)(OL/oY). Fi- 
nally, when t=g, 0q/dt=— p. Substitut- 
ing these equations and combining terms 
gives equation (3) in the text. , 

Following the same steps, it is easy to 
show that when the utility of the representa- 
tive resident is differentiated with respect to 
m, given the budget constraint and the values 
of the other policy instruments, the resulting 
expression satisfies 


(A3) dV/dr=[V,- MY -C,)|(3g/ðr) 
ðL L ðq ði 

rale- 0- a)y ras À P 

Using equation (A2) to eliminate the first 


three terms in this equation implies that 
dV /da = — AG(ĝi/ðT). 
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The Dynamics of Population Growth, Differential Fertility, 
and Inequality 


By Davip LaM* 


This paper analyzes the effects of income differentials in fertility on Lorenz curves 
and standard inequality measures. The role of intergenerational mobility is 
examined and incorporated into counterfactual simulations based on Brazilian 
data. Two standard inequality measures move in opposite directions in both the 
steady state and the transition in response to the elimination of fertility differen- 
tials. The counterfactuals confirm the theoretical predictions of misleading inter- 
temporal inequality comparisons in the presence of differential fertility. 


The relationship between population 
growth and the distribution of income has 
been investigated by development economists 
and demographers for the last two decades. 
Population growth rates have been included 
as explanatory variables in cross-national 
empirical investigations of inequality, with 
researchers concluding from both single- 
equation studies, such as Irma Adelman 
and Cynthia Taft Morris (1973), M. S. Ahlu- 
walia (1976), and Rati Ram (1984), and 
from simultaneous equation models, such as 
Robert Repetto (1979) and C. R. Wine- 
garden (1978, 1980), that higher population 
growth rates increase inequality.! Unfortu- 
nately, these empirical results are disturbing- 
ly sensitive to model specification and the 
definition of sample countries. Although the 
case for simultaneous equation models is 
convincing, the identifying restrictions are 
not. Even if a consistent empirical relation- 
ship between population growth and in- 


*Department of Economics and Population Studies 
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This research has benefited from discussions with Theo- 
dore Bergstrom, Chin-Yi Chu, and Lowell Taylor, and 
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1A recent exception is Gerry Rodgers (1983), who 
fails to find a statistically significant direct effect of 
population growth on inequality. For surveys of the 
literature on the distributional effects of population 
growth, see Bryan Boulier (1977), Rodgers, and my 
article (1986a). 
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equality were established, the policy implica- 
tions would be unclear. The commonly cited 
reasons for effects of population growth on 
inequality include significant welfare issues, 
such as declines in wages relative to rents on 
capital and land, and issues of minimal 
welfare significance, such as pure composi- 
tional effects of a younger age structure. 

One issue which raises especially difficult 
methodological and welfare questions is the 
effect on inequality of differential fertility 
across income classes. Ahluwalia suggests 
that “the most important link between 
population growth and income inequality is 
provided by the fact that different income 
groups grow at different rates, with the lower 
income groups typically experiencing a fas- 
ter natural rate of increase” (p. 326). The 
existence of differential fertility, however, 
makes the relationship between population 
growth and inequality more complex than 
existing empirical literature has recognized. 
Given differential fertility across income 
groups, compositional effects will confound 
observed relationships between population 
growth and inequality. As demonstrated be- 
low, compositional effects on measures of 
dispersion are more difficult to identify than 
compositional effects on mean values, and 
can easily lead to misleading inferences from 
cross-national or time-series comparisons of 
inequality measures. 

Section I demonstrates the sensitivity of 
standard inequality measures to changing 
population composition, independent of 
changes in relative incomes. The tendency 
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for inequality measures to provide conflict- 
ing signals in the presence of differential 
fertility is further established in Section IJ, 
which demonstrates an inherent tendency for 
differential fertility to produce Lorenz curves 
which intersect from period to period. Sec- 
tion III discusses the role of mortality, age 
structure, and intergenerational mobility, and 
incorporates them into the analysis through 
the use of a multistate life table. Section IV 
documents the pattern of differential fertility 
in Brazil, and uses the data to construct a 
multistate life table to project the Brazilian 
distribution of income. The results of two 
counterfactual simulations indicate that an 
increase in the fertility of the poor in Brazil 
would increase the coefficient of variation, 
but would decrease the variance of log in- 
come, in both the steady state and the transi- 
tion. The contradictory results for the two 
measures are consistent with the theoretical 
analysis, and confirm the difficulty of infer- 
ring changes in relative welfare from changes 
in inequality indexes in the presence of dif- 
ferential fertility. 


I. The Mathematics of Population Growth 
and Inequality 


Recent literature on the measurement of 
inequality has analyzed the consistency be- 
tween inequality measures and social welfare 
functions, clarifying the value judgements 
implicit in particular inequality measures.” 
Much less attention has been given to the 
effects on measures of inequality of introduc- 
ing new members to the population.’ If the 
population is expanded differentially by in- 
come level, the resulting effects on inequality 
measures need not be consistent with the 
social welfare function implicit in a particu- 
lar index. The problems can be demon- 


2See the seminal article by Anthony Atkinson (1970). 
Subsequent contributions are surveyed by Nanak 
Kakwani (1980). 

3Exceptions include Sherman Robinson (1976) and 
Gary Fields (1979), who analyze the effects of changing 
the sectoral composition of the population, and Samuel 
Morley (1981), who points out a number of problems 
underlying inequality comparisons in the presence of 
population growth. 
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strated by analyzing the effect of some arbi- 
trary expansion of the population on the 
variance of the logarithm of income, a stan- 
dard inequality measure.* Consider an ini- 
tial population of n persons with mean of 
log income p,, and variance of log income o? 
to which we add a new group of m persons 
with log mean p,, and log variance 02.5 The 
log mean will rise or fall as the entering 
group’s mean is above or below the mean of 
the original population, a simple composi- 
tional effect which depends only on the dif- 
ference in the two groups’ mean incomes 
and is affected in magnitude but not in 
direction by the size of the entering group. 

Expressing the combined log variance, 
Om as a standard decomposition of be- 
tween-group and within-group variances, the 
new log variance reduces to 








nm 
1) 024m = (Bm hn) 
( ) ntm i mf” Bn) 
n m 
+ 24 2 
nim” nèm” 


The new log variance is a simple function of 
the two population sizes, the two original log 
variances, and the difference between the 
two original log means. If differential fertil- 
ity by income levels produces an entering 


4The mathematics are formally similar to the effects 
of transferring individuals across income classes, since 
any changes in the probability density function will 
cause changes in measures of dispersion. Subramian 
Swamy (1967), Robinson, Fields, and Oded Stark and 
Shlomo Yitzhaki (1982) have shown that transferring 
individuals from a low-wage rural sector to a high-wage 
urban sector can generate U-shaped paths in measures 
of inequality over time. As emphasized by Fields and 
Stark-Yitzhaki, the welfare implications of this urban- 
ization process may be much different than inequality 
measures imply, since the transfer of individuals into 
higher-income classes is an unambiguous Pareto im- 
provement, in spite of the increase in inequality which 
standard inequality measures will indicate during some 
portion of the transition. Welfare interpretations of 
changes in fertility patterns are even more ambiguous, 
since a welfare ranking of alternative fertility scenarios 
requires comparing distributions with different numbers 
of persons, some of whom do not exist ex ante. 

5Log variance and log mean will be used to refer to 
the variance and mean, respectively, of the natural 
logarithm of income. 
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population that is poorer than the original 
population, will inequality, as measured by 
log variance, increase or decrease? It is clear 
from (1) that any result is possible, the direc- 
tion of the change depending on all of the 
parameters in (1). One set of implications 
can be summarized by noting the following 
condition for the change in the log variance: 


(2) On m4 š Jo; 


> (itn - Bn) 
sm{ 2} ee a 


If the entering group’s log variance is 
smaller than the original log variance and 
the new group’s log mean is more than one 
standard deviation from the original log 
mean,® then there exists some number of 
new entrants which will leave the original log 
variance unchanged. The value of m which 
will maintain the original log variance in- 
creases as the new entrants’ mean moves 
farther from the original mean. We cannot 
only satisfy the equality in (2) by an ap- 
propriate choice of m, we can also satisfy 
either of the inequalities, either increasing or 
decreasing log variance as we change the size 
of the entering group. We thus see the more 
complex nature of compositional effects on 
measures of dispersion compared to com- 
positional effects on means. While a group 
of low-income entrants will unambiguously 
decrease mean income when added to a 
higher-income population, the direction of 
the effect on the log variance cannot be 
predicted without knowing all of the param- 
eters in (2). 

The log variance is analytically convenient 
because of its simple decomposition proper- 
ties. Similar results can be derived for all 
additively decomposable measures. The ana- 
log to (2) for the squared coefficient of varia- 


6 The restrictions are assumed in order to limit the 
analysis to positive values of m, i.e., to additions rather 
than subtractions from the population. The mathemati- 
cal result in (2) is more general, but will imply m < 0 if 
lin — Enl <0, OF if 02 > o?. 
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tion, for example, is 


(3) Cham{ S}G? as m{ 2} 


- n( ¥2C2 + 920? -25,,5,02) + (Fn — In)” 


where Ç; is the coefficient of variation and Y, 
is the arithmetic mean for group i. A com- 
parison of (2) and (3) reveals that there is no 
necessary relationship between the number 
of entrants m necessary to hold the log 
variance constant and the number of en- 
trants necessary to hold the coefficient of 
variation constant. A given size group of 
entrants could increase inequality by one 
measure but decrease it by the other mea- 
sure. Indeed, since it is possible to have 
o> at the same time that C, < C, it 
may be possible to satisfy the equality in (2) 
but impossible to satisfy the equality in (3) 
for any positive m. 

These results have important implications 
for the patterns of inequality that will be 
observed whenever income classes grow at 
different rates. If one income class begins to 
grow at a faster rate than the rest of the 
population, the log variance of income will 
change by the dynamics implied by (1). If 
the class has a mean of log income more 
than one standard deviation from the origi- 
nal log mean and a within-class variance of 
log income smaller than the original log vari- 
ance, a small increase in its relative size will 
tend to increase log variance. If the group 
continues to grow, the log variance will even- 
tually decline, returning to its original level 
and converging in the limit to the intragroup 
log variance of the rapidly growing class. 
Analogously, the coefficient of variation will 
change according to the conditions in (3). 
The change in the coefficient of variation 
need not be in the same direction in any 
period as the change in the log variance, but 
the coefficient of variation must also eventu- 
ally decline as long as C,,<C,.’ The fact 


7For measures which are not additively decom- 
posable, such as the Gini coefficient, the effect of new 
entrants with some within-group inequality cannot be 
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that these two standard inequality measures 
may move in opposite directions in response 
to differential fertility is the result of a gen- 
eral tendency for ambiguous inequality com- 
parisons which can be demonstrated by 
analyzing the effect of differential fertility on 
Lorenz curves. 


H. The Effect of Population Expansion 
on Lorenz Curves 


The Lorenz curve, which expresses cumu- 
lative shares of income as a function of 
cumulative shares of the population,’ has 
long served as a foundation for inequality 
comparisons. The effects of differential fertil- 
ity on inequality are clarified by identifying 
the conditions under which individuals can 
be added to a population such that the 
Lorenz curve for the combined population 
lies above the Lorenz curve for the original 
population. Since inequality comparisons are 
inherently ambiguous when Lorenz curves 
intersect, establishing the necessary and 
sufficient conditions for Lorenz dominance 
provides additional insights into the prob- 
lems with inequality comparisons under 
differential fertility. 

Consider an initial population with an in- 
come distribution described by the density 
function f,(y) to which we add a second 
population with income distribution f(y). 
Under what conditions will it be the case 


reduced to simple analytical expressions like (2) and (3) 
which depend only on measures of within-group in- 
equality and within-group means. Although decomposi- 
tions have been derived for the Gini coefficient (for 
example, C. H. Fei, Gustav Ranis, and Shirley Kuo, 
1978), the within-group means and within-group Ginis 
are not sufficient statistics. More detailed data on 
within-group distributions or correlations across groups 
are also required. The logic clearly extends to any 
measure of dispersion, however, since the dispro- 
portionate growth of any group which has lower disper- 
sion than the population as a whole must eventually 
cause total dispersion to decline as that group begins to 
dominate the distribution. 

8For an income distribution with probability den- 
sity function f(y), the horizontal axis for the Lorenz 
curve is the cumulative distribution function F() = 
R f(y) dy. The vertical axis is the first moment distribu- 
tion function 6(}) = (1/#) fyf (y) dy, where p is the 
mean of the distribution. 
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that the combined distribution, f3( y), Lorenz 
dominates the original distribution? The 
conditions are surprisingly restrictive: If 
yp" > 0, where yf" is the income of the 
poorest individual included in the income 
distribution, then 


(4) ©,(F)20,(F)VF iff p=, 
and ©,(F)>9,(F)VF, 


where ®,(F) is the Lorenz curve and p; is 
the mean for distribution f(y). The com- 
bined population’s income distribution will 
Lorenz dominate the original population’s 
income distribution if and only if the enter- 
ing population has the same mean as the 
original population and the income distribu- 
tion of the entering population Lorenz 
dominates the original population’s income 
distribution. 

The most surprising result in (4), and the 
result most important for inequality com- 
parisons under differential fertility, is the 
necessary condition that the entering popu- 
lation has the same mean income as the 
original population. Since the equal means 
condition will rarely be satisfied in practice, 
the result implies that the second-period dis- 
tribution will either be unambiguously less 
equal than the original distribution, or that 
the Lorenz curves for the two periods will 
intersect. 

A complete proof of (4) is contained in my 
paper (1986b), which analyzes the general 
properties of Lorenz curves produced from 
combinations of distributions. It is worth 
sketching the proof, however, since it dem- 
onstrates the problems inherent in inequality 
comparisons in the presence of changing 
population composition. The equal means 
condition results from the fact that Lorenz. 
curves (like standard inequality measures) 
are independent of scale, depending only on 
relative income shares. Any change which 
reduces the cumulative income share of any 
cumulative share of the population will cause 
the new Lorenz curve to lie below the origi- 
nal Lorenz curve in that region. 

Since by construction ®,(0) = 0 and ©,(1) 
=], in order for the Lorenz curve of the 
combined distribution to lie nowhere below 
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the Lorenz curve of the original distribution, 
it must be true that ®;> 01 as F>0 and 
that j; <í as F-1. The slope of the 
curve out of the origin is y™"/p, where y™ 
is the income of the poorest person in the 
population, assumed to be nonnegative, and 
the slope coming out of the upper right-hand 
corner is y™*/p, where y™* is the income 
of the richest person in the population.’ 
Lorenz dominance of the combined distri- 
bution therefore requires that 


(5) y ba = yey 


and YoY bs SPS ty. 


The addition of f} implies the introduc- 
tion of new individuals to a population while 
leaving the incomes of the original members 
unchanged, so it must be true that 


(6) y <y” and yP™> yP™. 


But by the inequality conditions in (6), the 
slope conditions in (5) cannot both be 
satisfied for any p, # p as long as y™" > 0,10 
If w,>p, (implying #, >g), (6) requires 
that yj""/u3 < yr""/Hy, implying that ®, 
must lie below ©, out of the origin. By the 
same logic, if u, < p, the new Lorenz curve 
must lie below the original Lorenz curve as 


In general, the slope of the Lorenz curve in discrete 
terms is 


O[ F(%.)]- OL FUx-1)] 


aii 

Fyk) ~ F(Yk-1) p’ 
where y, is the income of the kth person in the 
rank-ordered distribution. 

10y¢ ymin <Q in the original population, then it is 
possible to raise the mean without lowering the share of 
income to the poorest individuals in the population, 
since their shares are already at zero. This introduces 
additional conditions which will produce Lorenz domi- 
nance, involving Lorenz curves which initially coincide 
with the horizontal axis. The result is similar to the 
perverse properties Lorenz curves exhibit when negative 
incomes are included. In this case, I extend the usual 
restriction against negative incomes to exclude incomes 
at exactly zero as well. 
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F-1." It follows that if u, #p,, it must be 
the case that ®,(F)<9®,(F) over some 
range of F. 

We see, then, that in order for the com- 
bined distribution to Lorenz dominate the 
initial distribution, it is a necessary condi- 
tion that p= u. Given equal means, the 
second necessary condition in (4), which 
states that the entering population’s distribu- 
tion must Lorenz dominate the original dis- 
tribution, is proven by showing that Anthony 
Atkinson’s theorem on the equivalence of 
Lorenz dominance and second-degree sto- 
chastic dominance for distributions with 
equal means implies that 


(7) ®,(F)>0,(F)WF 
iff ©,(F)>0,(F)VF. 


Having shown that it is a necessary condi- 
tion that the two populations have the same 
mean, (4) is established. 

The result in (4) is a powerful statement of 
an inherent tendency for changes in popula- 
tion composition to produce ambiguous in- 
equality comparisons. It applies not only to 
cases in which all members of the original 
population retain their initial incomes, but 
to any change in the population that satisfies 
(6), implying that the minimum income in 
the population does not increase and the 
maximum income in the population does 
not decrease, regardless of what happens 
elsewhere in the distribution. The result is 
easily extended to the effects of new entrants 
into a population with rising incomes. In 
such a case, (4) is modified to require that 
any group entering the population in period 
t must have a mean income of p,(1+ g}, 
where u, is the mean income of the original 


H Note that if the extreme incomes remain constant, 
a change in the mean must imply that ®, intersects ®,. 
Since the slopes at the extreme points are simply the 
extreme incomes divided by the mean, the slopes at 
both F-+ 0 and F—>1 must change in the same direc- 
tion if y™ and y™™* remain constant. But since ®, 
and ®, are equal at F=0 and F=1, both curves 
cannot increase (decrease) their slopes at the endpoints 
unless they intersect. If either yj" or yy™ lies outside 
the range [ yj", y*], it is possible for the new Lorenz 
curve to lie everywhere below the original Lorenz curve. 
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population in the initial period, and g is the 
rate of growth of the original members’ in- 
comes. The requirement that the new group’s 
income distribution Lorenz dominate the 
original group’s income distribution is un- 
changed. 


Ill. Mortality, Age Structure, and 
Intergenerational Mobility 


The results above do not give a complete 
picture of the effects of differential fertility, 
since they ignore exits from the population 
due to mortality, do not account for the ages 
of new entrants, and do not allow for mobil- 
ity across income groups. This section dem- 
onstrates that these issues are readily incor- 
porated into a model which projects both 
age structure and the distribution of income 
using a multistate life table. Before combin- 
ing the effects into a single model, however, 
a number of points can be made about each 
issue. 

Note first that one method of incorporat- 
ing mortality (or retirements, if the relevant 
population is economically active adults) is 
to define the group of “new entrants” in 
Sections I and II as actual entrants minus 
departures. This interpretation is straightfor- 
ward as long as the density function for net 
entrants is nonnegative at all incomes, that 
is, as long as there are at least as many 
entrants as departures at every income level. 
If departures result from advancing age, as 
in deaths or retirements, then entrants will 
normally exceed departures in a growing 
population, allowing the analysis to carry 
through directly. This interpretation is 
more problematic if there are more depar- 
tures than entrants at any income level, since 
this implies a density function for new en- 
trants which is negative at some incomes. 
The analysis must be modified in such a 
case, since such a density function must be 
ruled out for both the calculations of in- 


1? This will necessarily be true in a stable population 
with a positive growth rate, but need not be true in a 
population which has experienced a change in vital 
rates and has not converged to a new stable population, 
even with a positive growth rate. 
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equality measures for new entrants in Sec- 
tion I and the derivation of the Lorenz curve 
for new entrants in Section II. 

A related issue is the treatment of age 
structure. New entrants into the economi- 
cally active population enter at a young age, 
with low incomes, an issue which is not 
considered explicitly in the results of the 
previous sections. Although the results above 
can clearly be applied to the case of new 
young workers entering the labor force, I do 
not want to confound the effects of differen- 
tial fertility with the pure compositional 
effects of age structure.!> It does not appear 
appropriate to use the approach of Samuel 
Morley (1981), who in comparing Brazilian 
inequality in 1960 and 1970 separates the 
“base period poor” from new entrants by 
removing first-time members of the labor 
force from the 1970 distribution. This im- 
plies tracking the base-period poor as they 
advance ten years along their age-earnings 
profiles. While this may be interesting in its 
own right, it is primarily an indicator of the 
properties of age profiles of earnings and 
inequality and should be expected to show 
significant changes even when all life cycle 
earnings profiles remain constant between 
periods. 

Introducing intergenerational mobility in- 
to the analysis is important because no 
matter how great the fertility differentials 
across income classes, a steady-state distri- 
bution of income will exist whenever the 
children of all income classes have some 
positive probability of entering any other 
income class. Introducing even a small de- 
gree of mobility is an important modifica- 
tion, since it means that persistent higher 
fertility for the poor will not cause the popu- 
lation to converge to 100 percent poor.'4 


For an analysis of the effects on inequality of 
fertility-induced changes in age structure, see my article 
(1984). 

14See Samuel Preston’s (1974) analysis of the interac- 
tion of occupational mobility and occupation differen- 
tials in fertility. See also Robinson and Kermel Dervis 
(1977), who discuss the relationship between mobility 
and the distribution of income, and Chin-Yi Chu (1984), 
who develops a model of income distribution with en- 
dogenous fertility and bequest behavior. 
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Consider the following model of differential 
fertility and intergenerational mobility based 
on a simple Markov process governing tran- 
sitions across income classes. Assume a vec- 
tor P, denotes the size of n income classes in 
period 1. Class-specific fertility rates are de- 
scribed by a diagonal matrix of net repro- 
duction rates, F, and intergenerational mo- 
bility is described by a matrix M, where 
element M, is the probability that a child of 
class j becomes a member of class i- Think- 
ing of each period as a generation, the distri- 
bution of income in period ¢ is 


(8) P, = MFP. 


The properties of (8) are determined by the 
product of the income class transition matrix 
and the fertility matrix, which produce a 
combined transition matrix T* = MF. The 
process governed by T* will converge to a 
stable proportional income distribution if T* 
is an irreducible primitive matrix. Ignoring 
mortality and age structure for the moment, 
the effects of differential fertility on both 
steady states and transitions can be seen in 
the dynamics of period-to-period changes in 
the relative size of the poorest class. Denote 
the size of income class i at time t by P, 
and the proportion of the population in in- 
come class i at time ¢ by v; ,. Note that the 
proportion of the population i in the poorest 
class, i=1, at time ż is 


(9) m= X r, 
i=] 


tH 1M; DP iF, 
i=l 


Considering the effect of a change in F, 
the net reproduction rate of the poorest class, 


15The proportions of the population in each income 
class will converge to constant proportions, with the 
absolute numbers growing at the same constant ex- 
ponential rate. Irreducibility requires that transitions 
can occur between all states in the system. The stronger 
condition of primitivity requires that some power of T* 
has only positive elements. If all fertility rates and 
transition probabilities are positive, then this condition 
is satisfied, since T* consists entirely of positive ele- 
ments. A convenient discussion of these properties can 
be found in Nathan Keyfitz (1977, pp. 27-33); a proof 
is provided by Beresford Parlett (1970). 
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on the proportion in that class in the next 
period, the result in elasticity form reduces 
to 


n 
yy Yi, Mii, 
i=2 


(10) dlnz, ,/dln F =Ma- 


where Y; ,= P; ,-17,/LP, is the proportion 
of the th period population born to parents 
from the ith income class. The elasticity of 
the proportion of the population in the 
poorest class with respect to the reproduc- 
tion rate of that class is equal to the dif- 
ference between the probability that a child 
of poor parents remains poor and the 
weighted average of the probabilities that 
children of all other classes become poor, 
with weights equal to the proportion of the 
period ¢ population born to parents of each 
class. 

From (10) we see that if there exists any 
M,; > M» implying that parents in at least 
one class are more likely to produce poor 
offspring than are the poor themselves, then 
there will exist some initial income distribu- 
tion (implying a set of weights y;) for which 
an increase in the fertility of the poor will 
cause a decrease in the proportion poor in 
the second period. If M,; < M,,Vi, then an 
increase in the fertility of the poor will al- 
ways lead to an increase in the proportion 
poor in subsequent periods. Since the in- 
come distribution and hence the weights y; 
change during the transition to the steady 
state, (10) also implies that the effect of 
higher fertility among the poor may be dif- 
ferent in every period until the ergodic in- 
come distribution is achieved.!® The result in 
(10) describes the effect of higher fertility for 
the poor on the steady-state distribution of 


16 Specifically, if and only if there exists at least one 
M,,> Mı and.at least one M,; < M,,, then there will 
exist some initial income distribution for which higher 
fertility among the poor will increase the percent poor 
in some periods but decrease the percent poor in other 
periods, when compared to the transition path implied 
by the original fertility rates. If M,, is less than (greater 
than) M,, for all i, then the transition path implied by 
a higher fertility rate for the poor will have a higher 
(lower) percentage poor in every period than the origi- 
nal transition path. 
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income if we replace m, with 7,*, the 
steady-state proportion in'class i, and Yie 
with y*, the proportion of the steady-state 
population born to parents of income class i, 
both of which will be independent of t and 
the initial distribution of income once the 
ergodic distribution is attained. If M,,< 
M,,Vi, the case which is probably most 
plausible empirically, then an increase in the 
fertility of the poor will unambiguously in- 
crease the percent poor in the steady state. If 
M; > M, for some but not all i, then the 
effect of higher fertility for the poor on the 
steady-state percent poor cannot be pre- 
dicted without solving for the steady-state 
values explicitly. 

The effect of a change in F} on some 
inequality index J is 


ol n y 
11 — = } ——. 
( ) ôF 1 om 
Even if the signs of the effects of F, on the 
proportion in each class are unambiguous, 
we know from Sections I and II that the 
effect on a given inequality index of changes 
in the density function cannot be predicted 
without knowing the actual magnitudes of 
the changes. Even if the signs of d,/dF, are 
the same for any given i in all periods dur- 
ing the transition, the signs of 0J/d,, and 
hence the sign of 01/0F,, need not be con- 
stant across periods. Furthermore, we know 
from Sections I and II that the direction of 
change in one index need not be the same as 
the direction of change in some other index, 
in either the steady state or any period of the 
transition. 

The effects of mortality, age structure, and 
intergenerational mobility can be analyzed 
simultaneously with a multistate life table, a 
multidimensional generalization of a stan- 
dard life table. Just as standard life tables 
describe transition probabilities across age 
groups, multistate life tables describe simul- 
taneous transitions across age groups and 
other states.’” Specifically, I want to model 


VSee the contributions in Kenneth Land and Andrei 
Rogers (1982) for both theoretical analysis and appli- 
cations. 
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transitions across income classes and age 
groups, where in the most general case the 
combination of mortality and economic mo- 
bility aa a separate conditional prob- 
ability T; for every transition from in- 
come class" i at age k to income class j at 
age k +1. In the most general case, I also 
allow each income group at each age to have 
a separate fertility rate F; ,. 

The generalization of the process in (8), 
which has no age structure, to allow for n 
income classes in m age groups is given by 


PL, M 0 0 0 
P, 0 M, 0 0 
(2) |? J=lo o 0 
Po: 0 0 O M,, 
F F, Fn |[ Bia 
S, 0 0 0 |} Poa 
Xlo 7 o 0 i 
0 0 Sm-1 0 Pan,-1 
where P, , is an n X1 vector giving the size 


of each i income class in the ith age group in 
period t, M, is an nXn mobility matrix 
describing transitions across income classes 
for persons entering the ith age group, F; is 
an n Xn diagonal matrix giving the income- 
specific fertility rates for persons aged i, and 
S; is an nXn diagonal matrix giving the 
income-specific probabilities of surviving 
from age group i to age group i+1. 

The generalization of the ergodicity result 
for the process without age structure in (8) is 
that the multistate process in (12) will con- 
verge to a steady-state population with con- 
stant proportions in each of the n X m age- 
income groups if the product of the mobility 
matrix and the matrix of fertility and mortal- 
ity rates is an irreducible primitive matrix. If 
at least one age group has a mobility matrix 
that allows transitions across all income 
classes, plausible restrictions on the fertility 
submatrices will guarantee convergence. Spe- 
cifically, a sufficient (but not necessary) con- 
dition for convergence is that fertility rates 
are positive for all income classes in two 
adjacent age groups. l 
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TABLE 1 — MEASURES OF MEAN INCOME, INCOME INEQUALITY, AND FERTILITY 
BRAZILIAN MALE HOUSEHOLD HEADS, 1976 


Individual Income Sons Aged 0-15 Total Births 
Coefficient Log Income Standard Standard 

Quintile Mean of Variation Mean Variance Mean Deviation Mean Deviation 

(1) Q) 6) @) 9 ©) (7) 8) (0) 
Males Aged 25-30 (N = 9451) : 

1 514 0.287 6.186 0.151 0.938 1.027 2.413 2.001 

2 918 0.132 6.814 0.017 0.879 0.959 2.142 1.661 

3 1469 0.140 7.283 0.020 0.816 0.898 1.913 1.585 

4 2438 0.165 7.785 0.027 0.710 0.826 1.644 1.322 

5 7821 1.485 8.753 0.314 0.588 0.771 1.312 1.174 

Total 2632 2.221 7.364 0.866 0.786 0.909 1.886 1.621 
Males Aged 40-45 (N = 8610) 

1 553 0.267 6.268 0.117 1.730 1.492 6.189 3.652 

2 968 0.147 6.864 0.021 1.725 1.501 5.647 3.359 

3 1640 0.158 7.390 0.026 1.546 1.428 5.065 3.078 

4 2945 0.196 7.969 0.039 1.313 1.301 4.441 2.893 

5 10991 1.242 9.049 0.383 1.064 1.114 3.449 2.292 

Total 3420 2.115 7.508 1.028 1.475 1.399 4.947 3.228 


IV. Empirical Evidence from Brazil 


Given data on income- and age-specific 
fertility, mortality, and interclass mobility, 
(12) can be used to analyze the dynamics of 
income distribution and age structure from 
some initial conditions to the steady state. 
Although the data for a complete version of 
(12) would be difficult to assemble for any 
population, simplified versions are feasible 
to construct and can be quite instructive. 
Data from Brazil are used to construct a 
model that captures the demographic realism 
of (12), but is stripped down to the simplest 
elements necessary to test whether an in- 
crease in the fertility rates of the poor will 
increase or decrease income inequality. In- 
come and fertility data are drawn from the 
1976 PNAD* survey of Brazilian house- 
holds to construct a model of the male pop- 
ulation with five income classes and four 
fifteen-year age groups. Ergodicity is guar- 


18 The Pesquisa Nacional de Amostra Domiciliar is a 
household survey conducted by the Instituto Brasileiro 
de Geografia e Estatistica. The 1976 PNAD is a strat- 
ified sample which includes 99,167 households. The 
results reported in Table 1 use the weights included in 
the data set by IBGE to produce a representative sam- 
ple of Brazilian households. The sample sizes reported 
in Table 1 are the unweighted number of observations. 


anteed by assuming that sons of fathers from 
all classes have a positive probability of en- 
tering every income class as adults, and by 
assuming that the second and third age 
groups have positive fertility rates for all 
income classes. 

The income and fertility data used to con-- 
struct the transition matrix are shown in 
Table 1.!° Columns 6 and 8 show a simple 


The quintile-specific mean number of sons 0-15 
for men 25-30 and men 40-45 are interpreted as 15-year 
fertility rates and become the diagonal entries of sub- 
matrices F, and F, in (12). It is assumed that F, = F, = 0. 
The initial quintiles are thought of as representing sep- 
arate income classes and cease to be quintiles as they 
grow at different rates. The quintile-specific mean in- 
comes and inequality measures in Table 1 are used to 
calculate overall inequality for each age group given the 
age-income distribution generated for each period. The 
values for 25~30-year-olds are assigned to the 15-30- 
year age group and the values for 40—45-year-olds are 
assigned to the 30-45-year age group. The income and 
fertility of the oldest men in each 15-year age interval 
are used in order to capture the largest proportion of 
child-bearing experience and to remove relationships 
between fertility and income due to age variation within 
the age group. For the survival rates in (12), average 
age-specific survival rates for Brazil are taken from the 
U.N. Demographic Yearbook 1980 and are adjusted to 
introduce higher mortality for lower-income groups. 
Although survival rates in principle affect the distribu- 
tion of income both within and across age groups, even 
large variations across income classes have negligible 
effects on the results reported here. 
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pattern of differential fertility in Brazil, with 
the number of 0—15-year-old sons and the 
total number of births declining monotoni- 
cally as income increases for both 25-30 and 
40-—45-year-old men. Men in the poorest 
quintile at age 40-45 have experienced an 
average of 6.2 total births, compared to only 
3.4 for men in the richest ‘quintile. 2 Table 1 
also indicates that inequality within quintiles 
is highest in the upper quintile by both the 
log variance and the coefficient of variation, 
with inequality in the bottom quintile slightly 
higher than inequality i in the middle of the 
distribution.” 

The most difficult data to obtain for even 
a simplified version of (12) are probabilities 
of sons’ transitions across income classes 
conditional on their fathers’ income class. 
Jose Pastore (1982) has estimated intergener- 
ational mobility matrices for Brazil based on 
fathers’ and sons’ occupational categories. It 
is difficult to apply the results to income 
quintiles, however, since the sizes of the 
occupational categories vary from 2 to 65 
percent of fathers, and since there is little 
guidance for converting Pastore’s six oc- 
cupational categories into income levels. 
Pastore’s results nonetheless provide some 
guidance for constructing an empirically re- 
alistic mobility matrix.?? Given the esti- 


©The total number of births are not used in the 
counterfactuals, but are included as a simple measure of 
the extent of differential fertility. The number of births 
actually applies to the current wife of the male house- 
hold head, rather than to the male directly. It can be 
thought of as a measure of male-completed fertility, 
although it ignores divorce and the possibility of ad- 
ditional births after age 45. These errors should be 
small, however, and it is noteworthy that the 4.9 average 
births to male household heads aged 40-45 reported in 
Table 1 is identical to published estimates of Brazil’s 
total fertility rate for 1977 (World Bank, 1979). 

21 Within-group inequality can in principle affect the 
results of the analysis, since, as shown in Section I, the 
effect of disproportionate growth of one class will de- 
pend in part on the within-group inequality for that 
class.. 

?2 Rather than allow mobility at every age, mobility is 
assumed to occur only when children become adults. 
This implies that every age-specific mobility submatrix 
M,; in (12) is an identity matrix except for M}, which is 
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mated fertility, survival, and mobility matri- 
ces for Brazil, the implied steady-state age- 
income distribution is generated by applying 
(12) to an initial distribution. The steady- 
state distribution implied by current fertility 
patterns is then used as the initial distribu- 
tion for two counterfactual simulations, a 
100 percent increase in the fertility of 
the bottom quintile, and a reduction in all 
quintiles’ fertility rates to the level of the 
top quintile. The log variance and coefficient 
of variation for each age group are de- 
rived from the age-specific density functions 
for each period, using the within-quintile 
means and inequality measures reported in 
Table 1.7 





assumed to be 


50 .25 15 10 = .05 
25 40 .20 .20 10 
15 .20 35 .20 .20 
.05 .10 .20 .35 .25 
05 05 10 15 40 


The diagonal elements dominate for every row and 
column, implying a relatively low degree of mobility, 
roughly consistent with Pastore’s occupational mobility 
data. Many alternative forms for the mobility matrix 
were used for the counterfactuals, with results qualita- 
tively similar to those presented below generated by any 
mobility matrix which is highly diagonal in structùre, If 
high mobility is assumed, in which some classes are 
more likely to produce poor offspring than are the poor 
themselves, the results can change dramatically, since 
higher fertility for the poor can then decrease the pro- 
portion poor in transition periods and in the steady 
state. 

Another test is to take initial conditions which 
approximate the Brazilian age-income distribution in 
1976 and compare the transition and steady state im- 
plied by the rates in Table 1 with the transition and 
steady state implied by an immediate change to equal 
fertility for all classes. The results demonstrate the same 
patterns as those in Table 2, with the log variance 
higher in all periods under equal fertility, and the 
coefficient of variation higher for all periods under the 
empirically observed rates. Note in Table 1 that the 
poorest quintile has a log mean more than one standard 
deviation from the overall log mean in both age groups. 
From the results in Section I, this implies that an 
expansion of the bottom quintile should initially in- 
crease log variance. The reason a change to equal fertil- 
ity does not reduce the log variance, even initially, is 
that it also implies a reduction in the relative size of the 
second and third quintiles, both of which have log 
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TABLE 2—COUNTERFACTUAL SIMULATIONS OF EFFECTS OF DIFFERENTIAL FERTILITY ON INCOME INEQUALITY 


PREDICTED INEQUALITY MEASURES FOR BRAZILIAN MALE HOUSEHOLD HEADS AGED 30-45 


Case 1: Increase in Fertility of Poor 


Case 2: Elimination of Fertility Differentials 


Percent Coefficient Log - Percent Coefficient Log 
Period Poor of Variation Variance Poor of Variation Variance 
@) @ G) 4) (5) (6) (7) 
0 25.5 2.266 0.796 25.5 2.266 0.796 
1 25.5 2.267 0.796 25.5 2.267 0.796 
2 25.5 2.267 0.795 25.5 2.267 0.795 
3 30.6 2.339 0.785 23.7 2.238 0.831 
4 30.6 2.339 0.785 23.7 2.238 0.831 
5 32.2 2.363 0.775 23.3 2.231 0.837 
6 32.8 2.373 0.769 22.8 2.222 0.845 
7 33.3 2.379 0.765 22.8 2.221 0.845 
8 33.7 2.386 0.761 22.5 2.217 0.848 
9 33.8 2.388 0.759 22.4 2.214 0.850 
10 f 341 . 2.391 0.757 22.3 2.213 0.851 
ll 34.2 2.393 0.755 22.2 2.211 . 0.852 
12 34.2 2.394 0.754 22.2 2.210 ` 0.853 
13 34.3 2.395 0.754 22.1 2.209 0.853 
14 34.3 2.395 0.753 22.1 2.209 0.853 
15 34.4 2.396 0.753 22.1 2.208 0.854 


Notes: Poor refers to the class which was initially the poorest quintile in Table 1. The initial conditions for the 
counterfactuals are the steady state values implied by the fertility rates in Table 1. Case 1 assumes the fertility rates 
shown in Table 1 except for a 100 percent increase in fertility of the poorest class for both age groups. Case 2 assumes 
that the fertility rates of all classes are reduced to the rate for richest quintile in Table 1. 


- The results of these counterfactuals are 
shown in Table 2, with results reported only 
for the 30—45-year-old age group.” The val- 
ues for period 0 show the percent poor, the 
coefficient of variation, and the log variance 
in the steady state implied by the income- 
specific fertility rates in Table 1 and the 
assumed mobility matrix and survival rates. 
Column 2 indicates that a 100 percent in- 
crease in the fertility of the poor leads to an 
increase in the percent poor, converging to a 
new steady-state value of 34 percent. This 


means within one standard deviation of the overall log 
mean. Although a decrease in the relative size of the 
poorest quintile alone would initially decrease the log 
variance, the net effect of equalizing fertility for all 
quintiles is to increase log variance, even in the short 
run. 

%4 Recall that the 30-45-year-old age group takes on 
the income, inequality, and fertility levels of 40-45- 
year-olds, so that the results can be thought of as 
age-adjusted measures for 30—45-year-olds. Results for 
the 15-30-year-old age group demonstrate exactly the 
same qualitative patterns as those for 30-45-year-olds. 


inctease must occur, as shown in Section II, 
since the poor are more likely than any other 
class to produce poor offspring. Similarly, it 
is a necessary result, given the assumed mo- 
bility matrix, that the equal fertility regime 
of Case 2 produces a decrease in the percent 
poor from the initial value, as shown in 
column 5, and produces a.smaller percent 
poor in every period than the high fertility 
regime of Case 1. 

In Table 2, columns 3 and 6 show the 
coefficient of variation for the two coun- 
terfactuals. The coefficient of variation in- 
creases monotonically in response to the in- 
crease in fertility, as shown in column 3, 
while it declines monotonically in response 
to the reduction to equal fertility, shown in 
column 6. The results of the counterfactuals 
for the coefficient of variation, then, are con- 
sistent with the widespread notion that higher 
fertility for the poor will increase income 
inequality. The results for the variance of 
log income give just the opposite conclusion, 
however. Column 4 shows that the log vari- 
ance declines monotonically to a new steady- 
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state value in response to the 100 percent 
increase in the fertility of the poor. Column 
7, on the other hand, shows that the reduc- 
tion to equal fertility causes a monotonic 
increase in log variance. l 

Although it is a surprising result, the fact 
that the coefficient of variation and the log 
variance move in opposite directions in re- 
sponse to changes in the fertility of the poor 
is consistent with the predictions of Sections 
I and II.” The results demonstrate the con- 
fusing signals given by inequality measures 
in the presence of income differentials in 
fertility. In the counterfactuals shown in Ta- 
ble 2, there is no change in the relative 
earnings of the poor relative to other classes. 
Changes in inequality measures occur only 
because of the changing population com- 
position caused by the interaction of dif- 
ferential fertility and intergenerational mo- 
bility. If changes in relative earnings or the 
extent of intergenerational mobility are in- 
troduced into the model, it is easy to gener- 
ate changes in inequality that are in the 
opposite direction of real welfare changes. 
Consider, for example, the hypothesis that 
higher fertility of the poor reduces the prob- 
ability that poor children move into higher 
income classes. The reduction in log variance 
caused by an increase in the fertility of the 
poor in Table 2 can continue to appear even 
if the transition rates out of poverty (or the 
mean income of the poor) are reduced at the 
same time that the fertility of the poor is 
increased. The empirical results from Brazil 
thus confirm the theoretical predictions that 


25At the initial conditions used for the counterfactu- 
als in Table 2 the log mean for 30-45-year-olds in the 
poorest class is within one standard deviation of the 
overall log mean for the age group. Increases in the 
relative size of the class therefore decrease the log 
variance. The within-class mean is sufficiently far from 
the overall mean, however, that given the conditions on 
the coefficient of variation shown in (3), increases in the 
relative size of the poorest class increase the coefficient 
of variation. Although continued increases in the rela- 
tive size of the poorest class would eventually cause the 
coefficient of variation to decline, as shown in Section I, 
the existence of intergenerational mobility insures con- 
vergence to a steady-state percent poor, which in this 
case occurs before the coefficient of variation reaches 
the turning point implied by (3). 
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inequality measures may give conflicting sig- 
nals in the presence of differential fertility, 
and that those signals may be inconsistent 
with actual changes in relative welfare. 


V. Conclusions 


When population composition is constant, 
regressive income transfers produce unam- 
biguous changes in standard measures of 
inequality. Intertemporal changes in relative 
welfare can therefore be inferred from inter- 
temporal changes in inequality measures. The 
results above demonstrate that this corre- 
spondence between inequality indexes and 
relative welfare no longer holds when popu- 
lation composition is changing due to in- 
come differentials in fertility. The analytical 
results in Section I demonstrate the sensitiv- 
ity of inequality measures to changes in the 
relative sizes of income classes, even when 
relative incomes are constant. The direction 
of the effect on inequality of a higher fertil- 
ity rate for the poor may change over time 
and may be different for different inequality 
measures. The effects of population expan- 
sion on Lorenz curves, analyzed in Sec- 
tion II, indicate that intersecting Lorenz 
curves—and therefore ambiguous inequality 
comparisons—will be the rule rather than 
the exception whenever the introduction of 
new individuals into a population changes 
mean income. 

Empirical evidence from Brazil indicates a 
regular pattern of differential fertility, with 
fertility falling monotonically as income 
rises across quintiles. The multistate life 
table constructed from these data to project 
the Brazilian male income distribution sug- 
gests that the empirical relationship between 
differential fertility and inequality is in fact 
as ambiguous as the theoretical discussion 
suggests. Counterfactual simulations com- 
paring the effects of a 100 percent increase 
in the fertility of the poor with equal fertility 
across income classes indicate that higher 
fertility causes an increase in the coefficient 
of variation, but a decrease in the variance 
of log income, in both the steady state and 
in the transition. 

These results raise serious concerns about 
the meaning of inequality comparisons when 
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fertility varies systematically by income. In- 
terpreting empirical relationships between 
population growth and inequality is espe- 
cially problematic. The results imply, for 
example, that we cannot reject the hypothe- 
sis that population growth increases wages 
relative to rents, even if we observe an in- 
crease in the coefficient of variation whenever 
population growth rates increase. Standard 
inequality measures alone are inadequate to 
test hypotheses about the distributional 
effects of migration or high fertility, since it 
is impossible to distinguish the resulting 
changes in population composition from 
changes in relative welfare. 

The empirical application of the multistate 
life table for Brazil suggests that the direc- 
tion of the compositional effects of differen- 
tial fertility can in principle be identified. 
The data requirements, however, are exten- 
sive. An accurate test must account for inter- 
generational mobility, an issue for which 
there are few data, even in industrialized 
countries. While the empirical evidence from 
Brazil is far from complete, the results con- 
firm the warnings of the theoretical analysis. 
The fact that the Brazilian data produce 
contradictory results for two standard in- 
equality measures makes it clear that caution 
must be exercised in any empirical analysis 
of the distributional consequences of high 
fertility, with the compositional effects of 
differential fertility carefully accounted for. 
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Estimates of the Direct Effects of Comparable Worth Policy 


By GEORGE JOHNSON AND GARY SOLON* 


Civil rights legislation of the early 1960’s 
made it illegal for an employer to pay men 
and women on different bases for the same 
work, or to discriminate against women in 
hiring, job assignment, or promotion. Two 
decades later, however, the ratio of women’s 
to men’s earnings has shown little upward 
movement.’ Furthermore, major sex dif- 
ferences in occupational distribution persist 
with predominantly female jobs typically 
paying less than predominantly male jobs. 
For example, in 1983 the percentages female 
among truckdrivers and secretaries were re- 
spectively 3.2 and 99.0, with the truckdrivers 
receiving considerably higher wages. Similar 
comparisons can be made of engineers vs. 
librarians, professors of economics vs. pro- 
fessors of art history, and literally hundreds 
of other examples of primarily men’s jobs 
(MJs) vs. primarily women’s jobs (WJs). 

Such comparisons have generated much 
discussion, in both the judicial and political 
arenas, concerning the desirability of estab- 
lishing “comparable worth” (CW) proce- 
dures for adjusting wage rates.? The pre- 
sumption underlying the CW movement is 
that the observed negative relationship be- 
tween wage rates and femaleness of an oc- 
cupation reflects an “undervaluation” by 
society of WJs relative to MJs. Accordingly, 


*Department of Economics, University of Michigan, 
Ann Arbor, MI 48109-1220. This study was partially 
supported by a grant from the Alfred P. Sloan Founda- 
tion to the Institute of Public Policy Studies at Michi- 
gan. We are grateful for comments from the referees, 
and seminar participants at Michigan, Cornell, Michi- 
gan State, Princeton, and the National Bureau of Eco- 
nomic Research. 

1See June O'Neill (1985) for example. 

See Bureau of National Affairs (1981) for a useful 
review of the comparable worth doctrine and its rela- 
tion to existing legislation, particularly the Equal Pay 
Act and Title VIX of the Civil Rights Act. Recent 
progress by the comparable worth movement is sum- 
marized in Walter Goodman (1984) and Robert Pear 
(1985). 
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CW policy—enacted through legislation or 
through judicial interpretation of Title VII 
of the Civil Rights Act—would require that 
the sex-neutrality of an employer’s wage 
structure across jobs be assessed by “job 
evaluation” procedures. Specifically, each job 
within an organization would be assigned 
points in each of several dimensions (such as 
skill requirements, responsibility, effort, and 
working conditions), and these scores would 
somehow be aggregated to an overall index 
of the job’s worth.’ If it appeared that the 
employer paid systematically lower wages in 
WJs than in M/Js with similar total scores, 
the employer would be in violation of the 
law and would be required to increase wages 
in WJs. In statistical terms, then, CW essen- 
tially would require an employer to eliminate 
a negative partial correlation between wages 
and femaleness of occupation that persisted 
after controlling for legitimate determinants 
of pay.* 

The object of this paper is to measure and 
analyze pay differences between WJs and 
MJs and to discuss how they would be 
affected by adoption of a CW policy. Section 
I presents empirical evidence on the relation- 
ship between wage rates and femaleness of 
occupation; Section II discusses the implica- 
tions of this evidence for the potential im- 
pact of CW; and Section III summarizes our 
findings. 


3Of course, this job evaluation process is extremely 
problematical. A detailed discussion in Donald Treiman 
and Heidi Hartmann notes that “there are no definitive 
tests of the ‘fairness’ of the choice of compensable 
factors and the relative weights given to them,” and 
concludes that the process is “inherently judgmental” 
(1981, p. 96). 

4Some economists have discussed CW as if it would 
require that all wages be directly determined by job 
evaluation studies, but our impression of most existing 
and proposed CW plans is that they would use job 
evaluation procedures merely to assess the sex-neutral- 
ity of wage structures. 
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I. Empirical Evidence 


The presumed stylized fact that motivates 
CW proposals is the negative relation, ceteris 
paribus, between an individual’s hourly earn- 
ings (W, which we express logarithmically) 
and the fraction of workers in his or her 
occupation who are women (F). A simple 
representation of this relation is 


(1) W=B/Z+y,F +8, 


where Z is a vector of characteristics that 
influence earnings, 8, is the associated 
coefficient vector for sex S, and e is a dis- 
turbance term. The parameter y, reflects the 
wage-femaleness relationship for sex S, and 
exp(y,) represents the ceteris paribus wage 
tatio between a virtually all-female occu- 
pation and a virtually all-male occupation. 
The fi log wage for each sex is W, = 
BZ, +y,F,, and the male-female difference 
in average log wages can be expressed as 


(2) D=W,,-W, 


where the m and f subscripts denote male 
and female, respectively. 

This statistical framework is illustrated in 
Figure 1, which assumes for now that y,,, = Yy 
<0. The figure illustrates two salient fea- 
tures of male-female pay differences: 1) the 
negative slope of the wage functions indi- 
cates that occupations with higher F tend to 
pay less (which accounts for W,— W, of D 
in the figure), and 2) the separation between 
the male and female functions indicates that, 
given an occupation and its associated F, 
men in that occupation tend to earn more 
than women (which accounts for the remain- 
ing W,, — Wa). 

The latter phenomenon could. be due to 
three possible factors. First, compared to 
women in the same occupation, men might 
have higher-earning average characteristics, 
such as longer average work experience. Sec- 
ond, some employers may pay female em- 
ployees systematically less than male em- 
ployees in the same occupation even when 
their average characteristics are the same. 
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FIGURE 1 


Third, the men in an occupation may tend to 
work for higher-paying firms while the wom- 
en work for lower-paying firms. The first 
factor does not reflect discriminatory em- 
ployment practices, but the second and third 
may. Indeed, the second was prohibited by 
the Equal Pay Act and has been illegal for 
over twenty years. The third may be at least 
partly related to the sorts of discriminatory 
hiring practices prohibited by the Civil 
Rights Act. 

Despite the large quantity of research on 
male-female wage differences,’ surprisingly 
few studies have attempted to assess the 
relative contributions of the second and third 
factors. What little evidence exists sug- 
gests that the third factor is far more impor- 
tant. Francine Blau’s (1977) study of several 
narrowly defined clerical and computer- 
related occupations measured substantial 
male-female wage disparities in most of the 
occupations, but found they were due pre- 
dominantly to between-firm wage differ- 
ences, rather than to unequal pay within 
firms. Similar results were reported by John 
Buckley (1971) and Donald McNulty (1967).° 
If the small contribution of within-firm pay 
disparities is characteristic of most occupa- 


See, for example, Ronald Oaxaca (1973), Jacob 
Mincer and Solomon Polachek (1974), and Mary 
Corcoran and Greg Duncan (1979). 

é Further discussion and references on this point can 
be found in Treiman and Hartmann (pp. 39-40). 
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tions, this may explain the seemingly negligi- 
ble impact of the Equal Pay Act on the 
overall male-female wage gap. 

What distinguishes comparable worth pol- 
icy from existing antidiscrimination legisla- 
tion is its goal of equalizing pay across oc- 
cupations. In the context of Figure 1, one 
can view CW as an attempt to reduce the 
negative relationship between wages and 
femaleness of occupation, that is, to flatten 
the depicted wage functions. Although the 
sources of this relationship are not the main 
focus of this paper, they warrant some dis- 
cussion. The two most prominent explana- 
tions for the downward slope of Figure 1’s 
wage functions are sex differences in prefer- 
ences and occupational exclusion.” Accord- 
ing to the preferences explanation, workers 
have heterogeneous tastes for job character- 
istics, and the distribution of these tastes 
differs between men and women. These 
gender differences in job preferences might 
arise from socialization concerning sex roles 
and “appropriate” work (the nurse/doctor 
syndrome), differing family responsibilities, 
or differing expectations regarding continu- 
ous vs. intermittent labor market attach- 
ment. In any case, such taste differences 
would lead to sex differences in occupational 
distribution. Furthermore, if the preference 
distributions were such that the supply of 
workers to female-dominated occupations 
were especially large relative to the demand, 
these occupations would pay relatively low 
wages. In this analysis, the negative relation- 
ship between wages and femaleness of oc- 
cupation results from voluntary choices, and 
the wage structure cannot be “improved” by 
legislative fiat. The relative wage changes 
mandated by a CW policy would be unde- 
sirable on efficiency grounds and not espe- 
cially appealing on equity grounds.’ 

An alternative explanation for y <0 is 
that women are systematically excluded from 


TA third explanation is that wages for some WJs, 
especially hospital nurses, are depressed because em- 
ployers have monopsony power. There is little evidence, 
though, that this analysis applies to enough WJs to 
provide a general explanation. 

8More detailed discussions appear in Mark Kil- 
lingsworth (1984) and Jennifer Roback (1986). 
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many occupations and are thus “crowded” 
into a subset of occupations with depressed 
wage rates.” According to this explanation, 
women become secretaries, librarians, and 
art historians not by choice, but because 
they are blocked from becoming truckdrivers, 
engineers, and economists. The employer 
practices that would lead to such occupa- 
tional exclusion are illegal under Title VII of 


-the Civil Rights Act, and vigorous en- 


forcement of that statute appears to be a 
more suitable long-run remedy than CW 
legislation. On the other hand, even the com- 
plete elimination of occupational exclusion 
would mainly benefit new female workers 
and might be of little help to older women 
already committed to traditionally female 
career paths. A CW policy might then be 
advocated on equity grounds as a means of 
compensating the latter group. 

Whatever the source of the negative rela- 
tionship between wages and femaleness of 
occupation, the remainder of this section 
attempts to quantify that relationship. Mea- 
suring the relationship will serve, first, to 
indicate the magnitude of the phenomenon 
that CW seeks to remedy and, second, to 
facilitate the next section’s analysis of CW’s 
potential impact. We therefore have esti- 
mated equation (1) with May 1978 Current 
Population Survey (CPS) data on nonagri- 
cultural wage and salary workers, at least 
16-years-old, who responded to the supple- 
mentary questions concerning their “usual 
weekly earnings” and “usual weekly hours.” 
Relative to other surveys, the CPS has the 
advantage of detailed occupational informa- 
tion on a large national sample. Relative to 
subsequent CPS samples that were asked 
the supplementary questions, the May 1978 
sample has the advantages of a larger size 
and a more “normal” unemployment situa- 
tion. 

The dependent variable in our regression 
analyses is the natural logarithm of the ratio 
of usual weekly earnings to usual weekly 
hours. This variable, W, averages 1.757 for 
the 24,056 men in our sample and 1.346 for 
the 19,412 women. This implies that D in 


See Barbara Bergmann (1971, 1974). 
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equation (2) is 1.757—1.346=.411, which 
means that the (geometric) mean wage for 
women is 33.7 percent less than that for 
men. Our femaleness variable, F, is the pro- 
portion female in the individual’s 3-digit oc- 
cupation. Whenever possible, this variable 
was obtained from 1978 CPS data as re- 
ported in the January 1979 Employment and 
Earnings from the Bureau of Labor Statistics 
(BLS). In occupations with CPS cells so 
small that BLS deemed the F estimates too 
unreliable to publish, we extrapolated from 
1970 census data. The resulting F variable 
ranges from less than .01 (for such categories 
as firefighters, automobile mechanics, and 
plumbers and pipefitters) to over .99 (secre- 
taries and housekeepers). 

The other variables, comprising the Z vec- 
tor in equation (1), are: years of school 
completed; potential work experience (age 
minus years of school minus six)’ and its 
square; regional dummy variables for North- 
east, North Central, and West; three dum- 
mies for residence in a large, medium, or 
small SMSA; race dummies for black or 
other minority race; dummies for voluntary 
and involuntary part-time work; two marital 
status dummies, one for married and the 
other for separated, widowed, or divorced; 
number of children and a dummy for pres- 
ence of children; dummies for union mem- 
bership and, if not a member, coverage by a 
union contract; a government employment 
dummy; dummies for 20 major industries 
(mining, construction, durable goods manu- 
facturing, etc., with private households as 
the omitted category); the fraction of workers 
in the individual’s occupation who worked 
less than 30 hours in the 1970 census week; 
and a series of occupational characteristics 
indices, developed by the staff of a National 
Research Council committee," describing the 


10 The unavailability of an actual experience measure 
is a major drawback of our data set. Daniel Hamermesh 
has suggested to us that women who have spent more 
time out of the labor force may be more concentrated in 
occupations with high F. If so, our estimates below are 
biased toward a larger negative coefficient of F in the 
women’s wage equation and therefore tend to overstate 
the size of CW’s target. 

UaAnn Miller et al. (1980, appendix F). 
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“general educational development,” “specific 
vocational preparation,” strength, physical 
demands, and undesirable environmental 
conditions associated with the occupation. 
The committee itself acknowledged that these 
latter variables are arbitrary and of dubious 
validity; on the other hand, they are qualita- 
tively similar to the job evaluation scores 
that would be applied under a CW policy 
and therefore ought to be controlled for in 
the estimation of the y’s. 

Indeed, the general question of whether 
certain variables should be included in the Z 
vector comes down to whether CW would 
allow employers to base pay on those vari- 
ables. If so, attention would focus on the 
partial relationship between F and wages 
while controlling for those variables. Conse- 
quently, the industry dummies undoubtedly 
belong in the regressions because CW would 
require equal pay for work of comparable 
worth only within firms. Wage differences 
between firms would not be covered, and a 
fortiori industry wage differences would be 
unaffected. On the other hand, whether union 
status belongs in Z depends on whether CW 
would permit an employer to pay union 
workers in one occupation on a different 
basis than nonunion workers in another oc- 
cupation. Presumably, variables such as race 
and marital status do not belong in our 
regressions except as proxies for other char- 
acteristics that employers would be allowed 
to use. Given the considerable ambiguity in 
the choice of Z variables, we will make 
careful efforts in the analysis below to clarify 
how different control variables affect the 
estimation of the y’s. 

We begin by reporting estimates, for each 
sex, of simple regressions of W on F. These 
estimates describe the gross relationship be- 
tween wages and femaleness of occupation. 
For men, the estimated coefficient for F, ¥,,,, 
is —.343 (with estimated standard error 
.015), which implies a .710 wage ratio be- 
tween virtually all-female and all-male oc- 
cupations. For women, the estimated coeffi- 
cient fp is —.244 (.013), implying a .783 
wage ratio. These results confirm Donald 
Treiman and Heidi Hartmann’s (1981) find- 
ings from aggregate data that earnings are 
negatively related to femaleness of occupa- 
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tion for both men and women, and that the 
relationship is stronger among men. (The 
latter finding is discussed further in the next 
section.) 

These estimates, however, take no account 
of differences in workers’ characteristics or 
the characteristics of their jobs. Therefore, 
we next report the main results from estimat- 
ing multiple regressions of W on F control- 
ling for other variables.!? To begin with, 
controlling for the Z vector described above 
reduces the estimated F coefficients by more 
than one-half. For men, controlling for Z 
reduces the estimated coefficient of F from 
Fm = — -343 to Îm = —.168 (015); for wom- 
en, the reduction is from ¥ = ~ .244 to 7 = 
—.090 (.014). The new coefficients imply 
ceteris paribus wage ratios between virtually 
all-female and all-male occupations of .845 
for men and .914 for women. 

To clarify how the inclusion of various 
control variables affects the estimation of the 
y’s, we use the fact that the change from a 
simple to a multiple regression estimate of y 
can be expressed as 


K 
(3) {~=7=— 2 Bibir» 
j=l 


where the Ê s are the estimated coefficients 
of the K control variables in the log wage 
regression and the b,,’s are the coefficients 
from auxiliary simple regressions of the con- 
trol variables on F.? Equation (3) enables a 
straightforward decomposition of the dif- 
ference 7— into the parts attributable to 
each control variable. Table 1 summarizes 
the decompositions for În — Fm and Y, — Yy. 
The striking finding is that, for both men 
and women, the bulk of the reduction from 7 
to 7 is due to the industry dummy variables. 
A closer look at the underlying data reveals 
the main reason for this industry effect: 
workers in construction and manufacturing 
(especially durables) are relatively well paid 
given their other characteristics and are pre- 


12The full results are reported in our earlier paper 
(1986). 
13See Arthur Goldberger (1964, pp. 194-95). 
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TABLE 1— DECOMPOSITION OF THE INFLUENCE OF 
CONTROL VARIABLES ON THE ESTIMATION OF y 


Men Women 
Total Effect = } — f 175 153 
Decomposition 
Schooling and Experience —.024 .024 
Region ~ 002 — .001 
SMSA Variables —.015 ~—.001 
Race .003 .001 
Part-Time Status .019 .009 
Marital Status .031 .002 
Children .003 .001 
Union Status .029 .022 
Government Employment .015 .001 
Industry .152 .083 
Occupational Characteristics — 034 .012 


dominantly male. Once the wage effect of 
belonging to these industries is separately 
accounted for, the remaining effect of fe- 
maleness of occupation is considerably re- 
duced. 

It is crucial to understand that, even if the 
relation between wages and femaleness of 
industry arises from discriminatory exclusion 
practices, CW would not remedy the re- 
sulting pay differences. As discussed above, 
CW would require equal pay for work of 
comparable value only within firms. Inter- 
industry wage differences would be unaf- 
fected.‘ Consequently, the smaller y esti- 
mates from the multiple regression analyses 
are clearly better indicators of the size of 
CW’s target. If anything, they probably ex- 
aggerate CW’s target because they control 
only for industry effects and not firm effects. 
An ideal data base that enabled controls for 
firm effects as well could also take account 
of CW’s inability to alter pay differences 
between firms in the same industry. 


Robert Gregory and Ronald Duncan (1981) dis- 
cuss an Australian policy akin to CW and find that it 
has had major relative wage effects. Unlike CW pro- 
posals in the United States, however, this policy does 
apply across firms. 

15Indeed, if CW legislation were enacted, its inappli- 
cability to interfirm differences might be exploited 
through business reorganizations. For example, a firm 
might “contract out” its female-dominated clerical 
functions to another firm to preclude pay comparisons 


` with its other job categories. 
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It can certainly be argued that some of the 
variables included in the multiple regressions 
should be excluded. For example, a stringent 
CW law might require firms to pay their 
nonunionized employees comparably with 
their unionized employees. If so, the union- 
ization variables should be excluded from 
the regressions. Similarly, although some 
variables such as those for marital status 
may proxy for legitimate determinants of 
pay, they may not belong in the regressions 
in their own right. 

Therefore, to check the robustness of our 
y estimates, we have estimated a parsimoni- 
ous model that controls only for schooling, 
experience, region, SMSA, government em- 
ployment, industry, and occupational char- 
acteristics other than fraction part-time. The 
resulting y estimates, —.176 (.015) for men 
and —.085 (.014) for women, are very simi- 
lar to those in the previous model. Al- 
so, to account for the outside possibility 
that pay under CW could be based only on 
job characteristics and not on personal 

‘ characteristics,!© we have estimated an even 
more parsimonious model that excludes the 
schooling and experience variables. With 
this specification, the estimated y’s are 
— .233 (.016) for men and —.093 (.014) for 
women. 

Finally, we have conjectured that control- 
ling for firm effects would lead to smaller 
estimates of CW’s target. As a step in that 
direction, we have reestimated the full model 
with a more detailed set of 48 industry 
dummy variables. As expected, the estimated 
y’s decline in magnitude to —.160 (.015) for 
men and —.068 (.014) for women. Adding 
the more detailed industry dummies to the 
parsimonious model results in estimated y’s 
of —.157 (.015) for men and —.057 (.014) 
for women. 


16The National Research Council report on com- 
parable worth notes that “job evaluation plans cur- 
rently in use do not ordinarily include worker character- 
istics because these plans typically attempt to measure 
only the required elements of jobs.... If job evaluation 
procedures are to be used for the resolution of claims of 
pay discrimination, however, their usefulness would be 
enhanced by including those worker characteristics re- 
garded as legitimate compensable factors” (see Treiman 
and Hartmann, p. 86). 
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Some qualitative implications of these re- 
sults are immediately clear. In every specifi- 
cation, a negative relationship between wages 
and femaleness of occupation appears, in 
accordance with the concerns of the CW 
movement. The reduction in the relation- 
ship’s magnitude when industry is controlled 
for, however, highlights the point that, since 
CW would not apply across industries (or, 
indeed, across firms), the portion of the 
wage-femaleness correlation that is remedia- 
ble by CW is smaller than might otherwise 
be supposed. A fuller discussion of implica- 
tions regarding the potential impact of CW 
is given in the next section. 


II. Implications for Comparable Worth Policy 


Our empirical analyses, as well as those by 
other researchers, have established several 
important regularities in male-female wage 
differences. First, wages are negatively re- 
lated to femaleness of occupation. Second, 
as indicated in all the results in the previous 
section, this relationship is stronger among 
men than among women. Third, as found by 
the Blau and other studies cited above, 
male-female pay differences within occupa- 
tions are predominantly interfirm, not in- 
trafirm. 

This last point is crucial for understanding 
the potential impact of CW. If male-female 
pay differences within occupations are inter- 
firm, a CW policy that applies only to in- 
trafirm pay disparities can do little about the 
discrepancy between the male and female 
wage functions in Figure 1. Instead, CW’s 
purview would be limited essentially to flat- 
tening the slopes of the two functions. In- 
deed, if the figure’s assumption that y,, = Yy 
= were correct, CW’s direct effect on D in 
equation (2) could be well approximated by 
YF ~ Fn). | 

Estimating CW’s direct impact is com- 
plicated, however, by the robust finding that 
Ym < Yp- This raises an issue reminiscent of 
Ronald Oaxaca’s (1973) problem of whether 
to use men’s or women’s wage equation 
coefficients in assessing how much of the 
male-female wage gap reflects sex differences 
in characteristics. Oaxaca’s solution of using 
both to establish a range of estimates has 
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some appeal here, too. In fact, in our earlier 
paper, we have developed a formal model of 
wage structure in the context of which we 
prove that the true direct impact of CW 
on D is bracketed by Ym( 4; — Fn) and y,( Fy 
— Fn).'’ If we then apply the sample values 
F,=.71 and F,,=.21 and the estimates 7,, = 
—.160 and ¥,=—.068 from the multiple 
regressions with detailed industry controls, 
the estimated direct effect of an economy- 
wide CW program is to reduce the existing 
D of .411 by between .034 and .080. Whether 
this initial effect strikes one as large or small 
depends, of course, on one’s prior expecta- 
tions of CW’s impact.!8 

These estimates, however, overlook the 
likelihood that even a relatively comprehen- 
sive CW law would, like existing antidis- 
crimination legislation, be effectively con- 
fined to the public sector and large private 
firms. Such partial coverage would attenuate 
CW’s direct effects. If CW covered a fraction 
k of the jobs in the economy and if (for lack 
of an obviously superior assumption) an em- 
ployer’s coverage status were independent of 
its previous wage/femaleness relationship, 
CW’s direct wage effect would be simply « 
times the effect estimated above. For exam- 
ple, if « =.4 (slightly above the figure sug- 
gested by Walter Oi, 1985), CW’s estimated 
direct effect would be to reduce D by be- 
tween .014 and .032. In other words, whereas 
the geometric mean wage for women previ- 
ously was 33.7 percent less than that for 
men, after CW this shortfall would lie be- 
tween 31.5 and 32.8 percent. While one’s 


17This model uses wage/turnover tradeoffs to gener- 
ate an equilibrium account of all three empirical regu- 
larities cited at the beginning of this sector. It can be 
viewed as a formalization of ideas in Blau (especially 
the last paragraph on p. 34). 

18-These estimates are somewhat smaller than those 
of Elaine Sorenson (1986), who considered potential 
wage adjustments in four state governments that con- 
ducted CW-related job evaluation studies. One reason 
for the discrepancy may be simply that CW’s effects 
would be larger in the public sector than in the private 
sector. Our earlier paper contains some supporting evi- 
dence. Furthermore, it stands to reason that those state 
governments in the forefront of the CW movement 
would perform job evaluation studies conducive to 
especially large wage adjustments in W/s. 
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position on CW presumably would still de- 
pend on issues of principle, it is striking that 
CW’s practical effect on the male-female 
wage gap would be so small. 

We believe our characterization of CW’s 
direct impact is a sensible approximation, 
but it must be qualified by several important 
caveats. First, we have not addressed such 
issues as how effectively CW legislation 
would be enforced or whether it would 
influence compliance with other antidis- 
crimination laws. Given the inherent am- 
biguities of the job evaluation process, these 
implementation issues could be of consid- 
erable practical importance. 

Second, we have assumed that CW would 
attack the partial relationship between wages 
and femaleness of occupation, but would 
leave unaltered the dependence of wages on 
legitimate personal and job characteristics. It 
is conceivable that whatever job evaluation 
procedures gain favor in the course of case- 
by-case litigation would produce fundamen- 
tal changes in this dependence, but these 
changes are virtually impossible to foresee. 

Third, our estimates pertain only to direct 
effects. In competitive markets, however, 
CW-imposed wage increases in WJs would 
lead subsequently to wage changes in MJs, 
higher output prices, and substitution of em- 
ployment in MJs for employment in WJs. 
Once account is taken of these general equi- 
librium effects (which are analyzed in detail 
in our earlier paper), holders of covered WJs 
would enjoy relative wage increases, but 
workers in uncovered WJs (including workers 
displaced by employment adjustments in the 
covered sector) would suffer relative wage 
decreases.!° In fact, with sufficiently elastic 
labor demand, the latter effect could dom- 
inate and cause a decrease in overall average 
wages in WJs relative to those in MJs.”° 

Finally, lest there be any misunderstand- 
ing, we want to emphasize that our results 


These results are similar to those in the literature 
on minimum wages. See Finis Welch (1976) for exam- 
ple. 

20 abor demand in covered WJs might be particu- 
larly elastic because of the possibility of “contracting 
out,” as described in fn. 15. : 
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concerning CW’s direct impact say nothing 
about the extent of sex discrimination in the 
labor market. Our estimates of the rela- 
tionship between wages and femaleness of 
occupation, though useful for inferring CW’s 
potential impact, overlook some forms of sex 
discrimination and also may encompass some 
nondiscriminatory factors. For example, sex 
discrimination in hiring by high-paying em- 
ployers may contribute to the male-female 
wage gap, but it is beyond the reach of CW 
policy (though it is subject to Title VII of the 
Civil Rights Act). On the other hand, as 
discussed in Section I, the negative wage/ 
femaleness relationship we have measured 
may arise partly from sex differences in pref- 
erences rather than from discriminatory em- 
ployment practices. 


HI. Conclusions 


This study has found that, when relevant 
worker and job characteristics are controlled 
for, a negative relationship between wages 
and femaleness of occupation still appears, 
in accordance with the concerns of the com- 
parable worth movement. The impact of CW 
on male-female pay differences, however, 
would be limited by the policy’s inapplicabil- 
ity to pay disparities between firms. Esti- 
mates that take account of this limitation 
suggest that a CW policy with partial cover- 
age would eliminate only a small fraction of 
the gap between average male and female 
wages. 
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The Role of Foreign Direct Investment in U.S. Capital Outflows 


By Roy J. RUFFIN AND FARHAD RASSEKH* 


United States foreign direct investment 
(FDI) is the sum of equity in and net claims 
on the foreign affiliates of U.S. firms. The 
affiliates are those entities over which the 
U.S. parent has direct or indirect ownership 
amounting to 10 percent or more. Portfolio 
investment consists of all other claims on 
foreigners. The purpose of this paper is to 
test the hypothesis that foreign direct invest- 
ment and foreign portfolio investment are 
perfect substitutes. In other words, capital 
may be perfectly fungible. 

The evaluation of the multinational corpo- 
ration (MNC) frequently supposes that for- 
eign direct investment does not displace any 
portfolio investment and simply adds to the 
existing stock of capital invested abroad (see 
Gary Hufbauer, 1975, pp. 290-91, or Richard 
Caves, 1971). But there are two aspects of a 
MNC: an international transfer of produc- 
tion facilities and a transfer of capital. It has 
often been observed, moreover, that the 
spread of MNCs need not involve any such 
transfer of capital—that a MNC can always 
seek financing in the host country (see 
Charles Kindleberger, 1969, and Neil Hood 
and Stephen Young, 1979). Therefore, the 
phrase “foreign direct investment” may be a 
misnomer (see Ruffin, 1984, p. 248), and the 
phenomena to which it refers may be a sub- 
stitute for portfolio investment. 

This paper estimates a simple model of 
U.S. portfolio capital outflows that builds on 
the work of William Branson. (1968), James 
Tobin (1969), Pentti Kouri and Michael 
Porter (1974), and Peter Kenen (1978). The 
empirical results are consistent with the hy- 


*Departments of Economics, University of Houston, 
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Houston, TX 77006, respectively. We are indebted to 
the referee for many valuable comments. We also thank, 
without implicating, Badi Baltagi, Richard Caves, Pulak 
Das, Gerald Dwyer, Paul Evans, David Papell, and 
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pothesis that every dollar of U.S. FDI results 
in one less dollar being invested in foreign 
portfolio investment. Thus, the way MNCs 
finance their operations may be irrelevant to 
the net flow of capital between countries. 

Section I develops the basic hypothesis, 
Section II presents a modified version of the 
portfolio balance model of Kouri and Porter, 
and Section III presents the empirical re- 
sults. 


I. Hypotheses 


The purpose of MNCs is to internalize the 
returns to the ownership-specific assets of 
the firm (Hood and Young; Peter Buckley 
and Mark Casson, 1976). For example, the 
firm may possess certain marketing skills 
(Sears), hold certain trade secrets (Coca- 
Cola), or own certain patents (IBM) that 
enable it to compete effectively in distant 
foreign markets. Because information and 
monitoring costs are significant, MNCs find 
it more profitable to locate abroad than to 
simply license foreign firms or to rent out 
management consulting teams. 

According to the internalization hypothe- 
sis, the establishment of an MNC is ex- 
plained by numerous microeconomic factors 
(mostly unobserved) dealing with the eco- 
nomics of industrial organization. Similarly, 
the financial decisions of MNCs will involve 
a host of microeconomic variables involving 
the details of corporation finance. Explana- 
tions of these phenomena would have to 
be cross sectional in nature, drawing on 
the characteristics of each company. In- 
deed, it has been difficult to find any cor- 
relation of interest rate differentials with 
FDI in a time-series analysis (see Kenen and 
Hufbauer). If FDI is a function of many 
unobserved microeconomic variables, which 
are uncorrelated with the relevant macroeco- 
nomic variables, aggregate FDI will be exog- 
enous in a time-series analysis of the port- 
folio balance model. 
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If capital is fungible and not firm specific, 
when a MNC invests one dollar abroad the 
home and foreign capital markets are tem- 
porarily disturbed as interest rates would 
rise at home or fall aroad: To restore the 
original interest rates, portfolio investment 
abroad would fall by exactly one dollar. 


II. A Model of Capital Outflows 


To test the hypothesis that FDI is a per- 
fect substitute for portfolio investment, we 
need only include FDI as an exogenous vari- 
able in an equation that otherwise accounts 
for portfolio investment. In the portfolio 
balance model, real asset demands are func- 
tions of real interest rates, income, wealth, 
and risk factors. Equilibrium occurs when 
interest rates adjust to clear all asset markets. 
Capital flows can be estimated simply by 
considering the domestic demand for foreign 
securities and the foreign demand for do- 
mestic securities (see Branson; Kouri and 
Porter; and Maurice Obstfeld, 1983). 


A. Portfolio Balance 


In a world of uncertainty, home and for- 
eign investments will be imperfect sub- 
stitutes. Let r be the real rate of return to 
domestic investment; and let r* denote the 
real rate of return domestic residents earn by 
investing in the foreign country. The real 
interest rate r is exactly defined by 


(1) r=(i-m)/(1+7), 


where i is the nominal interest rate and 7 is 
the expected inflation rate in the home coun- 
try. The expected real interest rate earned by 
domestic investors in the foreign country is 


(2) r*=(14i*)E/(1+7)S-1, 


where i* is the appropriate foreign interest 
rate, E is the expected exchange rate on the 
maturity date of the foreign bond, and S is 
the spot exchange rate on the date of the 
investment. In order to capture the impact 
of default risk as well as exchange risk, i and 
i* are defined as 90-day commercial paper 
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rates or banker’s acceptances, rather than as 
Treasury bill rates. 

Let Z denote the real quantity of private 
assets (i.e., those assets held by U.S. private 
agents) held abroad; similarly, Z* is the real 
quantity of private assets the foreign country 
owns in the home country; let W be the 
quantity of real financial wealth owned by 
the home country; and let y be home real 
income. The modified version of the portfolio 
balance model used here is 


5 ets UD Shey Sh 
(3) Z=F(r,r*,y,W,Z*). 


The variable r* is a vector and Z* is the 
sum of investments made by the rest of the 
world in the home country. 

The variable Z* is added to reflect two 
institutional features of the international 
capital market. First, Eurodollar rates ex- 
ceed U.S. deposit rates, which encourages 
capital outflows, and the U.S. prime rate 
exceeds the London interbank offered rate 
(Libor), which encourages capital inflows 
(Russell Krueger, 1981). Second, the United 
States as a world banker implies the ex- 
change of short-term liabilities for long-term 
assets (Emil Despres, Kindleberger, and 
Walter Salant, 1966). Thus, institutional 
characteristics of the international capital 
market imply a strong link between capital 
imports and capital exports. 

The condition for money market equi- 
librium in the home country implies that the 
domestic rate of return r will be influenced 
by y, as in Kouri and Porter. The demand 
for real money balances, L, depends on y 
and the nominal interest rate, i. Thus, mon- 
ey market equilibrium holds in the home 
country when 


(4) m=L(i, Vid eer tpny): 


where m is the (in the short run) exoge- 
nously given real money supply. Equations 
(1), (3), and (4) can explain Z as a function 
of v, the r*, the m, the y, W, and Z*. Thus: 
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The signs of the effects of each variable on 
the right-hand side are intuitively obvious. 
For example: an increase in the home coun- 
try’s m, ceteris paribus, affects capital flows 
by decreasing r, which induces agents to 
hold a larger quantity of foreign securities. 
An increase in v, holding y and m constant, 
must lower r (equation (4)) and increase Z. 

We cannot, of course, estimate equation 
(5) as it stands. A simple solution is to 
linearize (5) by taking first differences, 
that is, 


(6) AZ=(8Z/dr)Aw+(dZ/dm)Am 
+(dZ/dr*)Ar*+(dZ/dy)Ay 
+(8Z/aW)AW +(OZ/dZ*)AZ*. 


B. Specific Hypotheses 


The final regression equation that we will 
estimate can now be stated. Substitute AZ = 
AZ, + AZ, into (6), where Z, and Z, are 
direct and portfolio investment, and put AZ, 
on the left-hand side; thus: 


(7) AZ, =a)+ a,r +a, Am +a,åy 
+a,Ar*+a,AZ,+aAw 
+ a,AZ*+a,AG+a D+ u. 


A constant term is added to capture the 
effects of omitting variables with a time 
trend; u is an error term. 

Two ad hoc variables are added to equa- 
tion (7): the real price of gold, G, serves as a 
proxy for speculation and the dummy vari- 
able D captures the impact of capital con- 
trols. Germany had controls on capital in- 
flows until 1974: I and the United States had 
_ controls on capital outflows until 1974: I. 
We expect the signs 


a,>0, a,>0, a,< or >0, a,>0, 


Of course, if a; = —1, foreign direct invest- 
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ment perfectly substitutes for portfolio in- 
vestment. 


IH. Empirical Estimates 


To estimate equation (7) we chose as our 
sample period the quarters 1970:III to 
1983:I. We are interested in the behavior of 
U.S. private portfolio assets abroad and U.S. 
private foreign direct investment abroad. As 
a representative sample of foreign rates 
of return, we used the United Kingdom, 
Canada, and West Germany. Presumably, 
the behavior of real interest rates in these 
countries are indicative of the major foreign 
investment opportunities facing the United 
States. 

We make the assumption that the United 
States is a small country, so that the ele- 
ments of r* are exogenous. Is this reason- 
able? Yes. The U.S. net capital outflow may 
only be about 1 or 2 percent of the total 
world capital market. For example, in 1980, 
the U.S. net capital outflow was only $31 
billion (the value of world trade in 1980 was 
$2 trillion). Indeed, the simple correlation 
coefficients between first differences of the 
net capital outflow and real rates of return in 
the United Kingdom, Canada, and West 
Germany are nearly zero. 

The variable AZ* is endogenous, but it is 
difficult to specify a simple structural equa- 
tion because so many countries are involved 
(see Kenen, p. 38). Thus, the endogenous 
components of AZ* are purged by the 
method of instrumental variables. 

To estimate (7) we require estimates of the 
U.S. inflation rate directly in the variable w 
and indirectly in the r* variables (see equa- 
tion (2)). We applied the technique of Box 
and Jenkins to estimating the expected infia- 
tion rate for the United States. An ARIMA 
model (Charles Nelson, 1973) was fitted to 
the U.S. inflation rate for the period 1957:I 
to 1983:II. The R? was 0.82. The expected 
inflation rate was defined as the four-step 
(one-year) ahead forecasted inflation rate 
from the fitted time-series model, which pre- 
sumably gives us the best estimate of future 
inflation. 

Equation (2) requires expected exchange 
tates for the U.S. dollar against the curren- 
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cies of West Germany, Britain, and Canada. 
Fortunately, forward exchange rates can be 
used to approximate expected exchange rates 
(see, for example, Obstfeld). While this pro- 
cedure is approximate (it assumes risk neu- 
trality), it is superior to estimating expected 
exchange rates by strictly statistical tech- 
niques such as Box-Jenkins. 


A. Regression Results 


Table 1 shows the results of applying in- 
strumental variables to equation (7) (see Ray 
Fair, 1970). While the coefficients generally 
have the expected signs, it is interesting to 
observe that the interest rate variables (in- 
cluding 7) and financial wealth are insignifi- 
cantly different from zero. 

Money has a powerful impact on U.S. 
capital outflows. Each $1 increase in U.S. 
M1 causes $.06 in capital outflows to the rest 
of the world. This estimate is highly signifi- 
cant. 

The coefficient of AZ, casts light on the 
perfect substitutability hypothesis. As argued 
above, if MNCs do not influence total capital 
outflows, this coefficient should be ap- 
proximately —1 when the dependent vari- 
able is the outflow of portfolio capital. The 
actual coefficient is ~1.009 with a standard 
error of .32. Thus, we can reject the hypothe- 
sis that portfolio investment is independent 
of direct foreign investment; but we cannot 
reject the hypothesis that direct foreign in- 
vestment substitutes, dollar for dollar, for 
portfolio investment. 

The coefficient of real U.S. capital inflows, 
AZ*, is .7904 and highly significant, reflect- 
ing the mutual dependence between outflows 
and inflows arising from the institutional 
features of the international capital market. 
Thus, the theory of capital outflows that 
receives the most support is that such out- 
flows reflect the role of the United States as 
a banker to the world as well as various 
interest rate controls or customs in different 
countries. 


1We also ran the regression with net portfolio out- 
flows as the dependent variable and net FDI on the 
right-hand side, and, of course, dropping Z*. The basic 
results were unaffected. 
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TABLE 1~-REGRESSION COEFFICIENTS 


Coefficient Standard Error = ¢-Ratio 
Constant 3.6824 1.2323 2.9884 
Anus 112 1778 6303 
Arwe 446 1,1131 4002 
Aryx 1.319 1.0556 1.2498 
Are, — 1.825 1.4750 —1.2374 
Amys .0628 0284 2.2176 
Ayus — 0395 025 ~ 1.580 
AZ, — 1.0093 3176 3.1779 
AW 0127 .0104 1.2222 
AZ* .7904 1209 6.5387 
AG — 0190 .0118 — 1.6088 
D — 3.6396 2.0553 ~ 1.7704 


Note: Dependent Variable: AZ,; Adj. R? =.74; 
Durbin-Watson = 2.04. 


V. Conclusions 


Within the framework of a modified port- 
folio-balance model, we have not been able 
to reject the hypothesis that foreign direct 
investment displaces an equal amount of 
portfolio investment. Thus, multinational 
corporations may have no significant impact 
on net capital flows. Moreover, the welfare 
impact of MNCs cannot be examined along 
the conventional lines of the costs and bene- 
fits of foreign investment. 

The next step would be to examine the 
sensitivity of our conclusion to the use of 
different models of capital flows. The strong 
interaction between capital inflows and cap- 
ital outflows suggests the necessity of an 
explicit model of the institutional structure 
of capital inflows and outflows. 
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The Nonequivalence of Tariffs and Import Quotas 


By JAMES R. MELVIN* 


It is now well known that in a world 
which is not perfectly competitive, tariffs 
and quotas are not equivalent. Jagdish 
Bhagwati (1965) showed that in the presence 
of monopoly the effects of tariffs and quotas 
could be quite different, and this argument 
was extended by Hirofumi Shibata (1968) 
and Bhagwati (1968). It is also well known 
that in the presence of uncertainty, or if 
there are changes in the economy such as 
growth or price fluctuations, tariffs and 
quotas may produce different results (see 
Gideon Fishelson and Frank Flatters, 1975, 
and Leslie Young, 1979). Carlos Rodriguez 
(1974) has also shown that tariffs and quotas 
produce different final equilibria if there is 
retaliation, and Edward Tower (1975) has 
analyzed the effects of imposing the opti- 
mum quota in combination with a variety of 
other trade restrictions. Tower finds that in 
the standard retaliation game, the volume of 
trade will approach zero, and he concludes 
that quantitative restrictions will never be 
preferred to tariffs in such situations. In 
particular, retaliatory behavior with quotas 
will always lead both countries towards the 
zero trade position, whereas retaliation with 
tariffs may lead to an equilibrium in which 
trade exists. Rodney Falvey (1975) has shown 
that, even in a perfectly competitive world, if 
the foreign offer curve is inelastic, some tar- 
iffs cannot be duplicated by an import quota. 

What does not seem to be generally recog- 
nized is that, even in the static, perfectly 
competitive world, tariffs and import quotas 
are never equivalent if both countries pursue 
restrictive trade practices. It can also be 
shown that the form of trade restrictions 
used by one country can have significant 
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implications for the range of instruments 
available to its trading partner. 

The analysis uses the traditional two- 
country general-equilibrium model of inter- 
national trade. The standard offer curve 
equilibrium is shown in Figure 1 where O, 
and QO, are the offer curves for countries H 
and F, respectively. Both countries are as- 
sumed to produce two goods with produc- 
tion functions which exhibit constant returns 
to scale. Consumer preferences are repre- 
sented by a set of community indifference 
curves, and the offer curves are shown to be 
inelastic throughout their range, although 
these assumptions are not required for the 
analysis. The free-trade equilibrium is at A 
with prices P. If both countries impose 
tariffs, the offer curves could shift to O,, and 
O,, with a new equilibrium at B.! 

The question now is whether this tariff 
equilibrium, B, could be generated by im- 
port quotas. In Figure 2, the same offer 
curves and equilibrium price lines are shown, 
and now OJ and OK are the import quotas 
imposed by countries H and F, respectively. 
The offer curves for the two countries have 
now become ONEJ for country H and 
OMGK for country F. While B, the interior 
intersection of these two offer curves, is in 
equilibrium, it is unstable and therefore _ 
should not be sustained. This unstable equi- 
librium is bound by the two stable equilibria 
N and M which are associated with equi- 
librium prices P, and P}, respectively. Which 
of these two equilibria will prevail depends 
on which country imposes the quota first. 
Note that only one quota can be effective 
and the effective quota will be the first one 
imposed. 


1Point B is shown on the same price line P simply 
to avoid clutter in the diagram. Any point in the interior 
of the lens-shaped area formed by the intersection of 
the two offer curves is possible. 
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‘FIGURE 1 


The adjustment mechanism assumed here 
is the usual one. It is assumed that the 
governments auction the quota rights and 
that the winning intermediators determine 
the commodity price which will clear the 
domestic markets. The world terms of trade 
is determined by the Walrasian auctioneer 
who calls out prices to which the intermedia- 
tors respond with the quantities found from 
the quota-distorted offer curves of Figure 2. 

It is clear that the argument just presented 
applies equally well for any pair of tariffs 
imposed by the two countries. None of the 
equilibria associated with tariffs by both 
countries can be reproduced by import 
quotas. It is interesting to note that while 
any point in the lens-shaped area OEAG 
can be generated by an appropriate choice 
of tariffs, only the boundary of this set can 
be generated by import quotas. Of course, 
with tariffs in both countries, none of the 
boundary points are possible in a tariff re- 
gime. Thus the feasible sets of equilibria for 
the tariff and quota cases are disjoint. 

The fact that no tariff equilibria can be 
duplicated by import quotas depends on the 
fact that tariffs have been assumed to exist 
in both countries. If only one country im- 
poses a tariff, then all equilibrium points will 
be located along the offer curve of the other 
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FIGURE 2 


country, or in other words, will be on the 
boundary of the set OEAG. It is therefore 
only in the special case where only one coun- 
try is assumed to have a tariff that import 
quotas and tariffs are equivalent. 

In numerical general-equilibrium analysis, 
it is often difficult to quantify the effects of 
quotas and other nontariff barriers to trade. 
One approach that is sometimes used is to 
calculate the tariff equivalents of such trade _ 
restrictions and to use these in the calcula- 
tions. The analysis here suggests that such an 
approach may result in serious misspecifica- 
tions of the model. 

In the preceding, I have been careful to 
specify that only import quotas are being 
considered. With export quotas, or as they 
are now more commonly called, voluntary 
export restraints, the situation is quite differ- 
ent. Again consider Figure 2, but now as- 
sume that country F imposes a voluntary 
export restraint equal to OJ and that coun- 
try H imposes a voluntary export restraint 
equal to OK. The offer curves for countries 
H and F become ONG and OME, respec- 
tively, and this gives rise to equilibrium at 
point B. This equilibrium is stable and 
thus any tariff regime can be duplicated by a 
set of voluntary export restraints. Indeed, 
voluntary export restraints can generate all 
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the points both in the interior and on the 
boundary of the area OEAG.? 

It is generally argued that voluntary ex- 
port restraints are an inferior form of pro- 
tection when compared either to tariffs or 
export quotas, because voluntary export con- 
straints involve a transfer of revenue to for- 
eign countries which would otherwise be 
captured by the domestic economy. Again 
this argument is seen to be true only in the 
case where voluntary export restraints are in 
place in one country but not the other. The 
voluntary export restraints of Figure 2 pro- 
duce exactly the same equilibrium as the 
import tariffs in Figure 1, although domestic 
prices will generally not be the same in these 
two cases, Furthermore, voluntary export re- 
straints can be shown to be superior to im- 
port quotas in a variety of circumstances. 
Voluntary export restraints permit a much 
larger number of possible equilibrium points, 
and this may be important if countries wish 
to cooperate in setting their commercial 
policies. Suppose that tariffs cannot be used, 
perhaps for political reasons, and that the 
choice is between quotas and voluntary ex- 
port restraints. With the quotas of Figure 2, 
the only possible equilibrium process are P, 
or P,, and, in either case, one of the two 
countries will be seriously disadvantaged by 
this form of trade restriction. With voluntary 
export restraints, trade can be restricted but 
the initial terms of trade, P, can be retained 
so that neither country is subjected to a 
serious terms-of-trade deterioration. Perhaps 
the current use of voluntary export restraints 
is not as misguided a policy action as most 
economists have assumed. 

It is now clear why Rodrigues and Tower 
found that retaliation through quotas pro- 
duced different results than retaliation with 
tariffs. Optimal quota policy always involves 
a point on the boundary of the lens-shaped 


2One might be tempted to argue that voluntary 
export restraints (VERs) are the more general form of 
trade restriction, since they can reproduce any situation 
generated either by tariffs or import quotas. While 
technically correct, this argument is true only because 
some VERs are not binding. Boundary points can only 
be obtained if only one VER is effective. The point is 
that while all tariffs are effective, all VERs are not. 


MELVIN: TARIFFS AND IMPORT QUOTAS 1133 


area OEAG of Figure 2, since the highest 
attainable trade indifference curve will al- 
ways go through a point such as Æ. Thus 
retaliation will lead inexorably towards the 
origin. Optimal policy with tariffs will al- 
ways imply an equilibrium in the interior of 
OEAG (as long as both countries have tariffs) 
and an equilibrium with positive trade is 
possible. Indeed, point B of Figure 1 could 
be an equilibrium with retaliation. 

Figure 2 also illustrates the fact that once 
one country has opted for quotas, the policy 
choices available to the other country are 
limited. Suppose that the foreign country has 
imposed an import quota resulting in the 
offer curve OMGK. All possible equilibria 
are restricted to the line segment NG, and 
only through the use of a tariff by country H 
can any point on the interior of NG be 
obtained. This is a special case of the Falvey 
result, where it is shown that with an inelas- 
tic offer curve some tariff equilibria cannot 
be duplicated by import quotas. An initial 
quota by country F results in an inelastic 
offer curve over the range GK. The Tower 
result that import quotas never dominate 
tariffs when retaliation is introduced is also 
illustrated by this example. 

The conclusions I have derived depend on 
the instability of interior solutions when im- 
port quotas are imposed, and one might 
wonder why this result has not been noted in 
the earlier literature. One possible explana- 
tion is that much of the analysis comparing 
tariffs and quotas has been done using par- 
tial-equilibrium analysis, where these insta- 
bility problems do not reveal themselves. We 
have, then, another reminder that general- 
equilibrium questions should be addressed 
using general-equilibrium techniques. 
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The Welfare Economics of Price Supports 
in U.S. Agriculture 


By ERIK LICHTENBERG AND DAVID ZILBERMAN* 


Government regulations aimed at further- 
ing social goals such as environmental qual- 
ity and equitable income distribution often 
reduce productivity. Estimating these costs 
of regulation is one of economists’ main 
contributions to the policy evaluation pro- 
cess. Assessments of the economic impacts 
on product markets are generally based on 
an assumption of competitive market clear- 
ing. As Arnold Harberger (1971) pointed 
out, this assumption is inappropriate when 
market distortions are present. Preexisting 
government programs are an important 
source of such distortions. Because they may 
have profound effects on resource allocation 
—and hence on the impacts of new regu- 
lations—in the markets affected, their pres- 
ence makes necessary modification of the 
standard welfare analytic procedures. 

This paper examines the welfare effects of 
regulation on product markets affected by 
revenue-support programs (price supports, 
marketing orders, and import quotas). Be- 
cause monetary estimates of regulatory ben- 
efits are often not used in policy assessments 
and because in any event benefits tend to be 
evaluated separately from costs, we focus 
only on the latter. In addition, we deal only 
with economic losses realized in product 
markets and ignore components of total reg- 
ulatory cost such as monitoring and en- 
forcement costs. Section I presents a concep- 
tual framework, and Section II applies it to 
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the case of regulation restricting productivity 
of three major U.S. crops falling under cur- 
rent support programs. 


I. Welfare Evaluation in 
Revenue-Supported Industries 


Mechanisms such as price supports, im- 
port quotas, and marketing orders are used 
in a number of important industries—nota- 
bly, those with low elasticities of demand, 
like agriculture—to support producers’ in- 
comes. These policies create situations where 
the effective price received by producers ex- 
ceeds consumers’ willingness to pay as mea- 
sured by the demand curve. This gap may 
arise either from explicit government subsi- 
dies, or from government policies that effec- 
tively increase market-clearing prices above 
competitive levels. In the case of agricultural 
price supports, the difference between aver- 
age revenue and the demand price represents 
an explicit subsidy paid out of tax revenues. 
Agricultural marketing orders essentially set 
up discriminating monopoly schemes for al- 
locating an industry’s output among markets 
so that the pooled price (average revenue) 
producers receive exceeds the demand price. 
Import quotas effectively increase domes- 
tic excess demand above competitive levels, 
that is, above the levels specified by the 
difference between domestic demand and 
foreign supply. f 

To simplify the exposition, we conduct the 
analysis in terms of one of the most im- 
portant revenue-support programs—the tar- 
get price mechanism which has been the 
mainstay of U.S. farm programs in recent 
years. The results obtained for this case can 
be generalized to other forms of revenue 
support as well (see our earlier paper, 1985). 
The target price scheme operates essentially 
as follows. Output is sold at the market 
price; when the market price falls below the 
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target price, producers receive from the 
government a subsidy (known as the de- 
ficiency payment) equal to the difference be- 
tween the two. When the competitive mar- 
ket-clearing price is below the target price, 
the target price becomes the effective price 
received by producers and thus the relevant 
price for production decisions, while output 
will be absorbed by consumers at a market 
price determined by the demand curve. 

Suppose that an agency imposes a new, 
productivity-decreasing regulation on a mar- 
ket with this form of price supports. The 
agency will typically have little or no in- 
fluence over policies outside of its own 
specific jurisdiction regardless of whether 
such policies impinge on matters which con- 
cern it. The U.S. Environmental Protection 
Agency (EPA), for example, has jurisdiction 
over pesticide use, but not over preexisting 
policies such as the agricultural policy that 
exerts influence on pesticide-use patterns. 
Thus, the agency is forced to behave as a 
policy taker and, in evaluating the economic 
costs of regulation, must consider any prior 
policies as given. 

The market welfare effects of this new 
regulation can be analyzed using the frame- 
work developed by T. D. Wallace (1962), 
Bruce Gardner (1983), and Richard Just 
(1986). As Figure 1 illustrates, the new regu- 
lation causes a leftward shift in the supply 
curve from S, to S,, reducing output from 
Q, to Q, and raising the equilibrium price 
to the consumer from P, to P,. By reducing 
output and increasing price, regulation causes 
a loss in consumers’ surplus equal to the area 
gt+ht+it+ j+k+l. Because the target price 
is unaffected by the regulation, the loss in 
producers’ surplus equals the area a +b + c. 
Expenditures on the deficiency payment pro- 
gram decrease by an amount equal to the 
area ctet+f+g+h+it+j+k+l. One 
part of the savings in government expendi- 
ture, g+h+it+j+k+lI, represents reduc- 
tions in subsidies to consumers, while another 
part, c, represents reductions in subsidies to 
producers; neither has any net effect on so- 
cial welfare. Thus, the net change in social 
welfare is e+ f—(a+b). Following Har- 
berger, one can also interpret this market 
welfare effect as the sum of two other com- 
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FIGURE 1. WELFARE IMPACTS OF REGULATION IN 
AN INDUSTRY WITH PRICE SUPPORTS 


ponents: The net social loss the regulation 
would impose under competitive equilib- 
rium, — a, plus the reduction in deadweight 
loss from d + e + f to b + d, a net change of 
e + f — b. Thus, e + f — a —b represents the 
net regulation-induced change on the social 
efficiency of production. 

Note that, under price supports, the net 
effect of regulation on consumers in their 
dual role of consumers/ taxpayers is always 
positive while the effect on producers is al- 
ways negative. Industries with price supports 
generally have inelastic demand curves (low 
elasticities of demand have long been cited 
as a major motivation for agricultural price 
supports) which implies that, in the absence 
of price supports, the net effect of regulation 
on consumers would be negative and the net 
effect on producers would be positive. Thus, 
the distribution of gains and losses from 
regulation under price supports will tend to 
be the exact opposite of the situation under 
competitive equilibrium. For this reason, 
price supports can be said to strengthen 
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producers’ opposition to and consumers’ 
support for regulation. 

Welfare analyses are typically performed 
under the assumption that markets are in 
competitive equilibrium before and after reg- 
ulatory measures are taken. This approach 
was employed by the National Academy of 
Sciences (1980) in its assessment of eco- 
nomic losses from bans on uses of the pesti- 
cide chlordimeform and in recent studies 
undertaken at the U.S. Department of Agri- 
culture (see, for example, Glenn Collins and 
C. Robert Taylor, 1983, and Craig Osteen 
and Fred Kuchler, 1986, among others). 
When the industry in question has effective 
price supports, following this procedure 
means using a misspecified model; and one 
can expect the standard methods to produce 
biased welfare estimates. The preceding dis- 
cussion suggests that this specification error 
should have no effect on estimation of the 
consumer demand curve. Thus, one would 
expect an analysis performed under this mis- 
specification to use the true demand curve 
D(Q). Estimation of the supply curve un- 
der the assumption of competitive equilibri- 
um and calibration to preregulation market 
price and quantity, though, should produce 
a curve like $,(Q) in Figure 1 which lies 
everywhere below the true supply curve and 
which intersects the demand curve at 
(Qı, P,). If the regulation was assumed 
to have the same effect on the misspecified 
supply curve as on the true supply curve 
(S, — S, = S, — Sı), then the traditional 
approach would calculate the market wel- 
fare effects based on a shift in the com- 
petitive equilibrium quantity and price from 
(Qı, P,) to (Q2, Pa). It is evident from Fig- 
ure 1 that, because the traditional approach 
underestimates the impact of regulation on 
output and price, it always underestimates 
consumers’ losses from regulation (in Figure 
1 this bias equals the area g + A). It is not 
hard to show that, for the same reason, the 
traditional approach usually underestimates 
producers’ losses as well (in Figure 1, S, and 
S, are parallel so that the bias equals the 
area i+ j). However, because it ignores the 
positive impact of reductions in government 
revenue-support program payments, the tra- 
ditional approach always overestimates net 
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market losses from regulation (in Figure 1, 
this bias equals the area cte+f+k+l). 
Thus, the traditional approach can be said to 
be biased against regulation. 


‘TI. An Empirical Example 


These effects were illustrated using the 
case of a regulation affecting production of 
three important U.S. crops covered by agri- 
cultural support programs: corn, cotton, and 
rice. Inverse supply and demand for all three 
were assumed to have constant elasticity 
forms S,(Q)=b,Q" and D(Q)=a,Q7%. 
The parameters used to construct these 
curves are shown in Table 1. Elasticities of 
supply and demand were chosen from stud- 
ies reflecting consensus values. The parame- 
ters a, and by were calibrated to equate 
inverse demand with the market price and 
inverse supply with the target price at cur- 
rent output levels using estimates of output, 
target prices, and market prices chosen to be 
broadly representative of the levels prevail- 
ing in recent years. The misspecified inverse 
supply curve $,(Q) reflecting the assump- 
tion of competitive equilibrium prior to the 
pesticide ban was assumed to have the same 
elasticity as the true curve but a different 
constant term, 6),- which was chosen to 
equate inverse supply with the market price 
at current output levels. The regulations were 
assumed to decrease the supply of these crops 
by 1 percent—a figure which appears to be 
not atypical of pesticide bans (for example, 
National Academy of Sciences, 1983)-— 
so that S,(Q)=1.01 b,Q” and $ (Q) = = 
1.01 6,Q%. The model was then used to 
calculate the welfare effects of the ban with 
and without price supports and the welfare 
effects estimated under an incorrect assump- 
tion of competitive equilibrium when price 
supports were present. 

The results of this procedure, shown in 
Table 2, demonstrate that 1) the savings in 
U.S. Treasury costs from regulation are quite 
substantial, 2) price supports cause sizable 
changes in the welfare effects of regulation, 
3) regulation will have no net market effect 
for target prices not too much greater than 
those currently in force, and 4) treating the 
behavior observed under price supports as if 
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TABLE 1— MODEL PARAMETERS 


Elasticity Elasticity Market Target 
Crop of Supply of Demand Output Price Price 
Corn* 30 —.50 8.00 2.50 3.00 
Cotton? 50 —.41 12.00 60 .80 


Rice* -80 - 43 15 9.00 11.90 


Sources: For corn supply and demand see, Bruce Gardner (1984); for cotton supply, see 
Terry Townsend, Carol Skelly, and Phil Sronce (1984); for cotton demand, see 
Townsend (1985); for rice supply, see Keith Collins and Sam Evans (1982); for rice 
demand, see Warren R. Grant, John Beach, and William Lin (1984); and for output, 
market prices, and target prices, see U.S. Department of Agriculture (1983). 

* Output measured in billion bushels and price in dollars per bushel. 

>Output measured in million bales and price in dollars per pound. 

Output measured in billion hundredweight and price in dollars per hundredweight. 


TABLE 2— WELFARE EFFECTS OF A PESTICIDE BAN? 


a A 


ACS Acs APS APS AGP ACS-—AGP AW AW 


Corn 
Competitive Equilibrium — 77.30 29.73 —47.57 
Target Price (dollars 
per bushel) 
3.00? —119.58 -74.70 -55.03 28.73 —131.33 11.74 —43.28 —45.97 
3.50 —114.18 —71.32 ~-67.24 2913 —144.50 30.32 —36.92 —46.19 
4.00 —109.69 -68.52 —79.98 21.73 —158.82 49.13 —30.85  —47.79 
4.50 —105.89 -66.14 -93.22 18.47 —174.13 68.24 —24.98 -47.67 
5.00 —102.59 -64.09 -106.90 15.30 —190.26 87.67 —19.23 —48.78 
5.50 —99.70 —62.28 —121.00 12.19 —207.15 107.45 —13.55  — 50.09 
6.00 —97.13 -60.67 -135.49 911 —224.71 127.58 —7.92  —51.56 
6.50 —94.83 -59.23 -150.35 6.07 —242.87 148.04 -2.31 ~53.17 
Cotton 
Competitive Equilibrium — 43.28 17.02 — 26.26 
Target Price (dollars 
per pound) 
0.80? —87.68 —39.43  —31.76 1551 —99.38 11.69 -20.07 —23.92 
0.90 —80.56 -36.22 —37.90 12.12 —104.38 23.82 —14.08 —24.10 
1.00 —74.68 -33.58 -44.39 897 —110.64 35.97 —8.42 —24.60 
1.10 —69.73 -31.35 -51.21 600 —117.96 48.23 —2.98 —25,36 
1.20 —65.50 —29.45 — 58.35 3.13 —126.17 60.67 2.32 —26.32 
1.30 —61.83 —27.80  ~-65.79 034 —135.17 73.34 7.55  —27.46 
1.40 — 58.62 —26.36 —73.53 —2.40 —144.88 86.26 12.73 —28.76 
1.50 —55.78 —25.08 -81.55 -5.11 —155.24 99.45 17.91 -30.19 
Rice 
Competitive Equilibrium -9.71 3.07 — 6.63 
Target Price (dollars 
per hundredweight) 
11.90° —25,12 — 8.75 —7.86 2.77 — 28.47 3.35 ~451 — 5.98 
12.30 —24.26 ~ 8.45 —8.34 2,46 —28.85 4.59 ~ 3.76 — 5,99 
12.70 — 23.45 —8.17 —8.84 216 — 29.28 5.83 —3.01 — 6.01 
23.10 —22.69 —7.91 —9.34 1.87 — 29.76 7.07 —2.28 — 6.04 
13.50 —21.98 -7.66 ~9.87 1.58  —30.29 8.31 ~156 6.08 
13.90 2131 — 742 —10.40 1.30 — 30.85 9.56 — 0.84 ~ 6.12 
14.30 — 20.68 —7.20 —10.9%4 1.02 — 31.49 10.81 —0.14 —6.18 
14.70 — 20.08 —7.00 —11.50 0.74 —32.15 12.07 0.57 ~ 6.25 
Note: Shown in million dollars. > 


"ACS, APS, AGP, and AW denote changes in consumers’ surplus, producers’ surplus, government payments, and 
net welfare, respectively; ACS, APS, and AW denote changes in consumers’ surplus, producers’ surplus, and net 
welfare, respectively, calculated under the erroneous assumption of competitive equilibrium. 

>Denotes current target price. 
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it were generated by competitive equilibrium 
leads to substantial overesimation of the net 
market effect of regulation. 

First, note that the savings in U.S. 
Treasury costs associated with regulation are 
quite high for all of these crops. At current 
target price levels, for example, the ratio of 
government savings to the sum of producers’ 
and consumers’ losses ranges from about .75 
[131.33 /(119.58 + 55.03)] for corn to roughly 
.85 for cotton and rice. Consequently, it is 
apparent that ignoring this component of 
market welfare will lead to serious distor- 
tions in evaluating policy alternatives. ` 

Second, compare the welfare effects of 
regulation in competitive equilibrium with 
those with target prices at current levels. In 
competitive equilibrium, producers gain sub- 
stantially from regulation—$30 million for 
corn producers, $17 million for cotton 
growers, and $3 million for rice growers. As 
a result, one would expect members of this 
group (or at least some sections of it) to 
support regulation. Consumers, on the other 
hand, sustain substantial losses from the ban 
in every case—$10 million for rice, $43 mil- 
lion for cotton, and $77 million for corn. (In 
the case of pesticides, for example, one would 
thus expect only the more environmentally 
minded members of this group to support 
regulation.) With price supports, the situa- 
tion is reversed: Consumers in their dual 
role as consumers/taxpayers benefit unam- 
biguously (and considerably) to the tune of 
$3 million for rice and $12 million for corn 
and cotton and can thus be expected to 
support regulation more wholeheartedly, 
while producers suffer rather large losses— 
about $8 million for rice, $32 million . for 
cotton, and $55 million for corn. This sug- 
gests that agricultural policy is a major cause 
of farmers’ opposition to environmental reg- 
ulation; without it, farmers might well sup- 
port environmental regulation in many cases. 

The third point of interest is that, for 
some crops, regulation will have no net 
market effect at target prices not much 
greater than those currently in effect: For 
rice, the zero-impact target price is only $2.48 
per hundred weight (about 20 percent) higher 
than the current target price. One can see 
that the net market effect of regulation is 
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both lower and declines more rapidly as 
supply becomes more elastic. For example, 
corn, cotton, and rice have roughly the same 
elasticities of demand (.4 to .5), while rice 
has a supply elasticity nearly twice that of 
cotton and about three times that of corn. 
Correspondingly, the proportional increase 
in the target price of rice required to pro- 
duce a zero net market impact from the ban 
is only about one-half that required for cot- 
ton and only about one-sixth that required 
for corn. These results imply that environ- 
mental regulation becomes more attractive 
as government subsidization of agriculture 
grows, especially in markets where supply is 
less inelastic. 

Finally, it is evident that treating markets 
with price supports as if they are in competi- 
tive equilibrium leads to significant over- 
estimation of the net economic costs of regu- 
lation. There are two ways of measuring 
welfare under the erroneous assumption of 
competitive equilibrium. The first uses the 
true inverse supply curve (the “textbook 
model”); the second uses the inverse sup- 
ply curve which gives market clearing at ac- 
tual prices and quantities (the “estimated 
model”). In either case, the erroneous esti- 
mates of net market losses from regulation 
are substantially higher than the true losses 
at current target price levels. Under the 
textbook model, the overestimate is about 
10 percent for corn (47.57 vs. 43.28), over 
30 percent higher for cotton, and almost 50 
percent higher for rice. Under the estimated 
model, the overestimate is about 6 percent 
for corn (45.97 vs. 43.28), close to 20 percent 
higher for cotton, and about 33 percent 
higher for rice. The size of the bias clearly 
increases as the elasticity of supply in- 
creases: it is smallest for the most inelastic 
crop (corn), larger for the less inelastic (cot- 
ton), and largest for the least inelastic (rice). 
Thus, the use of a competitive equilibrium 
framework may introduce serious errors into 
regulatory welfare analyses—errors which 
may well be serious enough to alter policy 
recommendations. Producers whose supply 
is less inelastic are of particular concern in 
this regard. 

These results have some interesting impli- 
cations for environmental regulation in agri- 
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culture. Cotton and rice are implicated in 
many environmental problems because of 
their intensive use of water and pesticides. 
As Table 2 indicates, for these crops, the 
distortional impacts of government pro- 
grams are relatively large. For this reason, 
the net market impact of new regulation 
tends to be small (relative to the impacts on 
producers and consumers). Furthermore, the 
bias in estimating net market welfare under 
the erroneous assumption of competitive 
equilibrium tends to be substantial. 


I. Conclusion 


Government regulation has become suffi- 
ciently pervasive that new regulations are 
impinging on preexisting policies to an in- 
creasing extent. Evaluations of the market 
effects of newer regulations must, therefore, 
take account of these prior regulations. This 
paper has developed a framework for analyz- 
ing the market welfare effects of regulation 
for the case of a preexisting regime of reve- 
nue-support programs. To facilitate the anal- 
ysis, several simplifications were made. We 
ignored the specific secondary features many 
revenue-support programs have (for exam- 
ple, the set-aside requirements of agricultur- 
al price-support programs), any feedback 
effects regulation may have on prior policies 
(for example, environmental regulation in 
agriculture may increase production costs 
and thereby induce increases in target prices 
since the latter are pegged to costs), etc. 
Nevertheless, the presence of these revenue- 
support programs was shown to cause strik- 
ing alterations in the welfare effects of new 
regulations; moreover, these changes were 
significant enough both qualitatively and 
quantitatively to indicate that ignoring prior 
policies introduces serious distortions into 
regulatory welfare analyses. Price supports 
were shown to have large effects on the 
distribution of costs in the majority of cases 
turning significant gains for producers into 
sizable losses and sizable losses to consumers 
into noticeable gains. For some crops, the 
target price at which regulation had a zero 
market welfare impact turned out to be not 
too much higher than the levels currently in 
effect. The erroneous use of a competitive 


DECEMBER 1986 


equilibrium framework was shown to intro- 
duce significant biases into estimates of the 
market welfare effects of regulation: For 
some crops, the upward bias was on the 
order of one-third to one-half of the actual 
market welfare effect. It is thus evident that 
ignoring revenue-support programs in per- 
forming welfare analyses may produce seri- 
ously distorted policy recommendations. 
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The Persistence of Volatility and Stock Market Fluctuations 


By JAMES M. POTERBA AND LAWRENCE H. SUMMERS* 


Explaining the dramatic intertemporal 
variation in real stock market prices is a 
fundamental problem of financial econom- 
ics. Between 1960 and 1985, a relatively 
tranquil period by historical standards, the 
Dow Jones Industrial Average measured in 
1985 dollars varied from 3385 (June 1966) to 
909 (June 1982). As the analysis of William 
Brainard, John Shoven, and Laurence Weiss 
(1980) suggests, it is difficult to account for 
the movements in the stock market during 
the last twenty years on the basis of changes 
in either expected cash flows or real interest 
rates. Robert Shiller (1981) provides signifi- 
cant evidence that stock market volatility in 
general cannot be explained by movements 
in the rational expectation of future divi- 
dends and interest rates.* A natural alterna- 
tive hypothesis is that market movements 
reflect in substantial part changing risk pre- 
mia induced by movements in stock market 
volatility. This explanation has been sug- 
gested by Burton Malkiel (1979) and Robert 
Pindyck (1984) in connection with the sig- 
nificant decline in real stock market values 
between the mid-1960’s and the early 1980’s. 


They argue that changes in risk are responsi-. 


*Departments of Economics, MIT, Cambridge, MA 
02139 and Harvard University, Cambridge, MA 02138, 
respectively. We are indebted to David Cutler, Ignacio 
Mas, and Carla Ponn for research assistance, and to 
Fischer Black, Olivier Blanchard, Zvi Griliches, Greg 
Mankiw, Robert Merton, Daniel Nelson, Julio Rotem- 
berg, and two referees for helpful suggestions. Financial 
support was provided by the National Bureau of Eco- 
nomic Research and the National Science Foundation. 
This research is part of the NBER’s research program in 
Financial Markets and Monetary Economics. 

1This calculation employs monthly averages of the 
daily closing values of the Dow Jones Industrial Aver- 
age, adjusted to December 1985 prices using the Urban 
Worker Consumer Price Index. 

2Shiller’s claim that stock prices are too volatile has 
sparked substantial controversy. Allan Kléidon (1985) 
and Terry Marsh and Robert Merton (1986) dispute his 
claim, while N. Gregory Mankiw, David Romer, and 
Matthew Shapiro (1985) provide supporting evidence. 
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ble for a significant part of the variation in 
share prices. 

This paper evaluates the changing risk 
premium hypothesis and examines the in- 
fluence of changing stock market volatility 
on the level of stock prices. We find that 
shocks to volatility decay rapidly and there- 
fore can affect required returns for only short 
intervals. This implies that volatility shocks 
can have only a small impact on stock market 
prices, and makes us skeptical of the claim 
that volatility-induced fluctuations in risk 
premia account for much of the observed 
variation in these prices. 

The paper is divided as follows: Section I 
clarifies the theoretical relationship between 
return volatility, required rates of return, 
and the level of share prices. Section II ex- 
amines the time-series properties of stock 
market volatility using daily return data on 
the Standard and Poor’s Composite Stock 
Index for the period 1928-84. The results 
suggest that while volatility is serially corre- 
lated, changes in current volatility have rela- 
tively small effects on volatility forecasts over 
even short horizons. Section III uses a differ- 
ent type of data, the implied volatilities in 
option premia, to examine the persistence of 
volatility shocks. The results again suggest 
that these shocks are only weakly serially 
correlated. The concluding section discusses 
the implications of our results for alternative 
explanations of recent stock market move- 
ments. 


I. Volatility, Required Returns, and 
Stock Price Fluctuations 


This section explores the relationship be- 
tween changes in stock market return volatil- 
ity and changes in the level of stock market 
prices. We assume that firms are not levered 
and that expected dividends grow at a con- 
stant rate. The former assumption allows us 
to ignore Fischer Black’s (1976) important 
observation that the level of share prices, by 
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affecting the degree of leverage, should have 
a direct impact on volatility. The latter as- 
sumption is maintained for convenience and 
could be relaxed easily. To parallel our em- 
pirical work, we use a discrete time formula- 
tion. 

We assume that share prices satisfy the 
standard requirement that 


(1) ee ty 


where r, denotes the risk-free real interest 
rate, a, the equity risk premium, and D, the 
dividend paid in period ¢. Equivalently, 
equation (1) can be written 


(2) P= On t a,)P,— D, + eP, 


where £, = (P, 41 — E[P,+1)/P, is a random 
disturbance assumed to be uncorrelated with 
any information available at time ¢. It re- 
flects revisions in expectations about future 
values of D, a, and r which take place 
between ¢ and ¢+1. 

Equation (2) can be solved forward sub- 
ject to an appropriate transversality condi- 
tion to yield an expression for P,: 


o0 
(3) 2-5 D3 Ry j,Disj 


j=0 





i 


where R,,,= Ia raita) 
j= 


Assuming that the real risk-free rate is con- 
stant, this expression may be linearized 
around the mean value of the risk premium 
& to obtain 


E, |D] 


o (+r+a) 


(4) P= > 


aeei] a a), 


j=0 OCs; 
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where 
(5) OP, /da,,;= —(l+r+ a i7? 


— E,( Dirja) 
k=0 (l+r+a)* 


Equation (4) expresses current stock prices 
as a linear function of expected future risk 
premia. If expected dividends grow at a con-, 
stant rate g, so that E,[D,,,]=(1+g)/D, 
then (5) simplifies to 


3P, -—D(i+g)’ 
aa 





t+j J (1+ r+a)i*? 


o (1+g)* 


x k 
kao (1+r +ã) 


~ D,(1+ g)’ 
(l+r+a)’*"(r+a@-g) ` 


We now consider the link between return 
volatility and the equity risk premium. 
Robert Merton (1973, 1980) derives a linear 
relationship between the equity risk pre- 
mium, &, and the variance of equity re- 
turns, o, 


(7) a, = yoš. 


The parameter y is a function of investors’ 
coefficients of relative risk aversion.? To 
study the effect of volatility changes on P; 
we must specify the evolution of o7. Our 
empirical work suggests that for the postwar 
period, monthly values of o? follow an AR(1) 
process: 


(8) 0, = po + p101 + My. 


It immediately follows that monthly values 


_ 3In a one-consumer economy, Yy equals the con- 
sumer’s relative risk aversion. More generally, it is a 
weighted average of different consumers’ relative risk 
aversions. 
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of a, also follow an AR(1) process: 

(9) Oy = YPo + P10,-1 + 1, 

where »,= yp, The mean value of a, is 


therefore @= yp,/(1—p,), and (a,—-@) 
evolves according to 


(10) 


From equation (10) we know that E,(a,,; 
—-a)= p{(a, — @). This may be used ‘along 
with equation (6) to simplify (4): 


E,(D,+;) 


jtl 


a, — a= pila,- = a) +n, 


ae Garay 
D,(1+ g) pila,- @) 
joo (1+r+a)’ r+ ag) 


l+rt+a-— ESS 


ee 
«| ke- 


The last expression shows the effect of risk 
premia shocks on share prices. Using the 
fact that dP,/do? = (dP,/da,)(da,/do7), 
we know 


aP, -y 
do? [1+r+ã-p(1+g)] 


(12) 


x[D,/(r + &—g)]. 


Multiplying both sides of (12) by o7/P, yields 


d log P, 
d logo? 


= yof, (r +a- g) 
E [1+r+8-p(1+g)] 


(13) 





where À, is the dividend yield, D,/P,. Since 
yo? =a, and à =r, +a, — g, the derivative 
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in (13) can be written as* 
d dlog P, P, —ä 
~ Ti+ r+ã-p (+g) 


4 
ay d logo? 


The absolute value of this derivative rises 
with p,. If increases in volatility are expected 
to persist, they will have a greater impact on 
the discount factors applied to future cash 
flows and therefore on current share prices. 

To gauge the possible influence of volatil- 
ity on share prices, we evaluate (14) at some 
plausible parameter values. Roger Ibbotson 
(1984) reports that the mean annual nominal 
return on common stocks for the period 
1948-83 was 11.6 percent, or .964 percent 
per month. The mean nominal return on 
Treasury bills was 4.6 percent per year, im- 
plying &=.006 per month. The average real 
return on Treasury bills (7) was 0.4 percent 
per year or 0.035 percent per month. The 
estimated variance of market returns, ex- 
pressed at monthly rates, ranged from .00022 
in 1964 to .0053 in 1974 and averaged .0017. 
The last statistic, in conjunction with the 
estimate for the mean risk premium, implies 
y =3.5.° The annual growth rate of nominal 
dividends on the Standard and Poor’s Com- 
posite Index during the 1948-83 period was 
5.2 percent. Combining this with our annual 
inflation rate of 4.2 percent yields an average 
real annual dividend growth rate (g) of 0.01, 
or 0.00087 per month. 

The effect of changes in volatility on the 
level of share prices is very sensitive to the 
level of p,, the serial correlation in monthly 
volatility. The derivative in (14) equals — .006 
when p,=0, —.012 when p,=.5, —.108 
when p,=.9, and —.387 when p,=.99. 
Stated another way, a doubling of volatility 
from its average level reduces the value of 
the market by only 0.6 percent if p, = 0, by 
1.2 percent if p,=.5, and by 38.7 percent if 
p,=.99. These calculations show that if 
fluctuations in volatility are to play a signifi- 
cant role in explaining stock market fluctua- 


“We obtain (14) by evaluating (13) at the mean 
return, dividend yield, and risk premium. 

5 Merton (1980) estimates y to be 3.2 using data for 
the postwar period. 
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TABLE 1—AUTOCORRELOGRAM OF MONTHLY VOLATILITY SERIES 
1950-84 1930-84 

Lag Partial Partial 

Length Autocorrelation Autocorrelation Autocorrelation Autocorrelation 
1 0.571 (0.040) 0.571 (0.040) 0.730 (0.027) 0.730(0.027) 
2 0.384 (0.045) 0.086 (0.049) 0.500 (0.031) 0.042 (0.035) 
3 0.277 (0.047) 0.041 (0.049) 0.459 (0.029) 0.229 (0.034) 
4 0.219 (0.048) 0.042 (0.049) 0.493 (0.029) 0.169 (0.033) 
5 0.224 (0.048) 0.093 (0.049) 0.454 (0.030) 0.030 (0.034) 
6 0.185 (0.048) 0.003 (0.049) 0.478 (0.029) 0.215 (0.032) 
7 0.148 (0.048) 0.003 (0.049) 0.493 (0.029) 0.079 (0.033) 
8 0.162.(0.048) 0.069 (0.049) 0.467 (0.029) 0.059 (0.033) 
9 0.169(0.048) 0.047 (0.049) 0.412(0.030) — 0.008 (0.033) 
10 0.174(0.048) 0.038 (0.050) 0.414 (0.030) 0.069 (0.033) 
11 0.132 (0.049) — 0.027 (0.050) 0.426 (0.030) 0.044 (0.032) 
12 0.107 (0.049) — 0.003 (0.050) 0.419 (0.030) 0.029 (0.033) 
13 0.109 (0.049) 0.027 (0.050) 0.369 (0.031) — 0.051 (0.033) 
14 0.059 (0.048) — 0.049 (0.049) 0.326 (0.032) — 0.058 (0.033) 
15 0.072 (0.048) 0.029 (0.048) 0.287 (0.032) — 0.067 (0.033) 
16 0.065 (0.048) — 0,005 (0.049) 0.300 (0.032) 0.029 (0.033) 
17 0.067 (0.048) 0.014 (0.049) 0.317(0.032) 0.029 (0.033) 
18 0.055 (0.048) — 0.015 (0.049) 0.282(0.033) — 0.076 (0.033) 
19 0.030(0.048) — 0,025 (0.049) 0.246 (0.033) — 0.007 (0.033) 
20 0.002 (0.048) — 0.034 (0.049) 0.251 (0.033) 0.020 (0.033) 
21 — 0.015 (0.048) — 0.024 (0.049) 0.242 (0.033) — 0.004 (0.033) 
22 0.017 (0.048) 0.049 (0.049) 0.264 (0.033) 0.110 (0.032) 
23 0.019 (0.048) — 0.003 (0.049) 0.295 (0.032) 0.071(0.033) 
24 0.010 (0.048) ~0.010(0.049) 0.269 (0.033) — 0.021 (0.033) 


Note: Monthly volatility estimates are calculated as the average value of squared daily 
returns on the Standard and Poor’s Composite Stock Index. Standard errors are shown 


in parentheses. 


tions, then p, must be quite large. The next 
two sections present estimates of this param- 
eter. 


II. Estimates of Serial Correlation 
in Market Volatility 


This section examines the persistence of 
volatility over the 1928-84 period as well as 
the shorter postwar period studied by 
Pindyck. We use volatility estimates com- 
puted from daily returns on the Standard 
and Poor’s (S&P) Composite Index, which 
were kindly provided to us by Kenneth 
French, G. William Schwert, and Robert 
Stambaugh. The variance estimator for 


An earlier version of this paper used daily stock 
market returns for the 1968-84 period, as well as 
monthly returns for the 1871-1984 period, to investi- 
gate volatility persistence. 


month t, 67, is 


K, 
(15) 6 = Hi / Kes 
i=l 


where $,; is the market return on the ith 
day of month ż, measured by the percentage 
change in the S&P Composite Index, and k, 
is the number of trading days in month ¢. 
The autocorrelogram and partial autocor- 
relogram for the estimated volatility series 
are shown in Table 1. The first panel corre- 
sponds to the post-1950 period as in Pindyck, 
while the second utilizes data from the full 
sample period. The data clearly exhibit posi- 
tive serial correlation, although the per- 
sistence of volatility is relatively unim- 
portant from an economic perspective. For 
the postwar sample, the monthly first-order 
autocorrelation coefficient is .571. The partial 
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autocorrelogram shows only one statistically 
significant value at lags higher than one 
month, that at lag 5, and suggests that an 
AR(1) representation provides an adequate 
description of the data. 

The volatility data for ‘the full sample 
period display somewhat greater persistence. 
The first-order autocorrelation coefficient is 
0.730, and the autocorrelogram decays much 
more slowly than that for the postwar period. 
The difference in persistence is primarily due 
to the presence of the Great Depression 
years in our 1930-84 sample. As Robert 
Officer (1973) observes, the volatility of 
market returns was much higher during the 
Great Depression than at any time in the 
last century. Moreover, since volatility was 
high for several consecutive months, these 
few observations have a significant impact 
on the estimated serial correlation parame- 
ters. It is far from clear that the persistence 
of volatility during the Great Depression 
provides a useful guide to the current per- 
sistence beliefs of market participants. 

Our analysis of the autocorrelation prop- 
erties of the level of volatility implicitly as- 
sumes that volatility is a stationary series. 
French, Schwert, and Stambaugh (1985), 
however, argue that volatility is actually 
nonstationary and fit ARMA models to 
monthly differences in volatility.’ Following 
David Dickey and Wayne Fuller (1981) and 
Fuller (1976), we explicitly tested the hy- 
pothesis that measured volatility is a nonsta- 
tionary series, that is, that there is a unit root 
in its autoregressive representation. For both 
sample periods, the null hypothesis of non- 
stationarity was rejected in favor of the al- 
ternative hypothesis of stationarity at very 
high confidence levels. For example, when 
we test the unit root hypothesis allowing for 
a relatively general AR(12) specification, the 
test values are —3.70 and —3.97 for the 
1930-84 and 1950-84 samples, respectively, 
while the .01 critical values are ~3.46 and 


7French et al. model the square root of volatility, and 
in a revised version of their paper, the logarithm of 
volatility, as an IMA(1,3) process. 
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— 3.44. Similar results obtain for a wide 
range of different autoregressive lag lengths. 

Even if volatility is modeled as a nonsta- 
tionary series, volatility shocks are not highly 
persistent. The results of estimating an 
IMA(1,3) process, as in French et al., for the 
full sample period are 


Ao? = (1—.404L — .327L? — .048L7)e,. 
(038) (039)  (.035) 


Three months after a volatility shock, the 
level of volatility is elevated by only .221 
times the initial shock. Although volatility 
remains at this new higher level forever, the 
rapid decay implied by the moving average 
parameters makes the net effect on share 
prices relatively small. 

To illustrate what our results imply about 
the impact of volatility shocks on share 
prices, we used equation (4) to evaluate 
dlog P,/d logo, for several different sto- 
chastic specifications of the volatility pro- 
cess. We use (i) an AR(1) process, which as 
noted above describes our data reasonably 
well; (ii) an AR(12) process designed to 
capture long-run persistence which might be 
poorly characterized by an AR(1) model; 
and (iii) the IMA(1,3) model described 
above. In each case we compute the impulse 
response functions for the level of volatility, 
and use (4) to calculate the change in share 
prices associated with each of these per- 
turbations to the volatility path. 

The resulting calculations, along with the 
standard errors of the estimated elasticities, 
are shown in Table 2. The impact of a 
volatility shock on share prices is extremely 


® Schwert (1985) suggests that Dickey-Fuller tests may 
yield spurious results if the time-series process is mis- 
specified, although this problem is reduced when long 
autoregressive processes are considered. We therefore 
conducted unit root tests assuming up to AR(24) 
processes for volatility, and rejected the unit root hy- 
pothesis in all cases. 

°We calculate the asymptotic variance of our elastic- 
ity estimates by computing numerical derivatives of 
these elasticities with respect to each of the estimated 
time-series parameters, stacking these derivatives in a 
column vector f, and then evaluating f’Q/ where Q is 
the variance-covariance matrix for the parameter esti- 
mates. 
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TABLE 2— ESTIMATES OF ELASTICITY OF SHARE PRICES 
WITH RESPECT TO VOLATILITY 





Estimation Period 
and Volatility Process d log P, /d log of 
1950-84 
AR(1) -0.014 
(0.001) 
AR(12) —0.020 
(0.006) 
IMA(1,3) -0.175 
(0.038) 
1930-84 
ARG) -0.022 
(0.002) 
AR(12) —0.048 
(0.010) 
IMA(1,3) 0.225 
(0.026) 





Notes: Asymptotic standard errors are shown in 
parentheses, Each entry shows the percentage change in 
stock market prices from a 1 percent change in stock 
market volatility, calculated as described in the text. 


small, regardless of the stochastic specifi- 
cation. For the postwar period, the AR(1) 
process implies an elasticity of share prices 
with respect to volatility of —.014, while the 
AR(12) specification implies —.020. Both 
models suggest that volatility shocks have 
very small effects on share prices. The mov- 
ing average specification for volatility differ- 
ences raises the elasticity to —.175, but even 
this is an economically small effect. For the 
full sample period, all of the estimates are 
somewhat larger. In the AR(1) and AR(12) 
cases, the elasticities are —.022 and —.048, 
while in the IMA(1,3) case, the elasticity 
rises to ~—.225. A 50 percent increase in 
market volatility, even using this extreme 
estimate of volatility persistence, would 
therefore depress share prices by only 11 
percent. These results cast serious doubt on 
the view that changes in volatility, through 
their influence on investors’ risk premia, have 
a substantial effect on stock market values, 
One potential difficulty with our results is 
that they describe the persistence of -mea- 
sured market volatility, which is a noisy ob- 


servation on true volatility in any month. It. 


is possible, although we believe unlikely, that 
market participants have information which 
enables them to determine the true level of 
volatility. In this case, the measurement er- 
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ror in our data will bias our estimates to- 
ward understating true persistence. 

It may be of some interest to analyze the 
implied persistence in the “true” volatility 
series. Assuming that the measurement error 
is independent and identically distributed 
over time with a zero mean and variance o?, 
and that true volatility follows an AR(1) 
process, then our estimate of p, will have 
a probability limit of 6p,, where @= 
Var(o7)/[Var(o,7)+ 6,2]. We estimate 0, the 
ratio of signal variance to total variance in 
measured volatility, to be .816 for the post- 
war period and .890 for the 1930-84 period. 
These estimates imply that the monthly 
first-order autocorrelation coefficient for the 
true volatility process is .700 for the postwar 
period and .820 for the full sample. Thus, 
even if market participants could observe 
true volatility, volatility shocks would have a 
small effect on market prices. 

The general finding that emerges from this 
section is that stock market volatility is not 
highly persistent. The data provide little sup- 
port for the hypothesis that changes in vola- 
tility could have an important effect on the 
level of stock prices. How, then, does Pindyck 
reach an opposite conclusion using similar 
data? First, he constructs and graphs a mov- 
ing average of monthly volatility estimates. 
Because averaging induces serial correlation, 
these estimates exhibit substantial persis- 
tence. Second, he regresses excess stock re- 
turns on the change in his moving average 
volatility measure, finds a statistically signifi- 
cant effect, and concludes that volatility 
shocks played an important part in de- 
pressing the stock market. 

Pindyck’s regression of excess returns on 
changes in volatility does not demonstrate 
that autonomous volatility changes have had 
an important effect on market prices. First, 


10We calculate the noise-to-signal ratio relying on 
the fact that the sampling variance of the estimated 
variance from a normal population is 204/N, where N 
is the sample size and gf is the square of the true 
variance, Using 20°/k, as an estimate of each month’s 
measurement error variance, we compute the fraction of 
the total time-series variation in market volatility which 
should be accounted for by these errors and use this to 
calculate @. i 
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since changes in his volatility measure can 
be predicted, his regression implies that in- 
vestors should be able to realize substantial 
profits by trading on past volatility informa- 
tion. Second, the results are contaminated by 
a serious simultaneity problem. A decline in 
the stock market should increase volatility 
through the leverage effect discussed by Black 
(1976) and Andrew Christie (1982). Finding 
that movements in the market are negatively 
correlated with the volatility measure by no 
means demonstrates the causal role of vola- 
tility shocks in depressing the market. Even 
if volatility changes had no effect on stock 
prices, one would expect a negative correla- 
tion between returns and volatility changes. 
Third, the implied relationship between 
volatility shocks and stock returns is weak. 
French et al. find that the elasticity of share 
prices with respect to unanticipated volatility 
shocks is at most —0.0272.1 


Il. Estimates of Serial Correlation in Volatilities 
Implied by Option Premia 


Although the estimates presented in the 
previous section suggest that volatility shocks 
are short-lived, they might fail to reflect 
market participants’ beliefs about volatility 
persistence. The previous estimates also pro- 
vide little guidance concerning how far back 
into history investors look in judging the 
persistence of volatility. Since the volatility 
process estimated for the postwar period dis- 
plays substantially less persistence than that 
for the full sample period, this issue is of 
some consequence for analyzing how volatil- 
ity shocks affect share prices. 
` To address these problems, we analyze the 
persistence of changes in ex ante market 
volatilities as inferred from option premia. 
These data represent a market estimate of 
the ex ante volatility which theory says 
should affect required returns and stock 
prices. Unfortunately, options on stock 
market indices such as the Standard and 
Poor’s 500 have been traded for too short a 


11 These calculations are based on the estimates re- 
ported on page 25 of French et al. 
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period to make analyzing them informative. 
However, the Chicago Board Options Ex- 
change (CBOE) has computed an index of 
the price of a standardized stock option on 
every Thursday since January 8, 1976: 


...the CBOE Call Option Index is an 
average of percent option premiums; 
for each CBOE underlying stock, a 
market premium is estimated for a hy- 
pothetical six-month, at the money op- 
tion using the market premiums of ex- 
isting option series. This estimated 
market premium is expressed as a per- 
centage of the stock price. The CBOE 
Cali Option Index for a given day is 
the arithmetic average of all such per- 
cent premiums on CBOE underlying 
stocks on that day. [CBOE, 1979, p. 1] 


These data may be used to analyze the per- 
sistence of volatility expectations. 

The CBOE Index does not correspond to 
the option premium of any traded security. 
It is a measure of the option premium on the 
“representative share” for which options are 
traded on the CBOE. The implied volatility 
should therefore be substantially higher than 
the volatility of the market, since the market 
is a weighted average of many imperfectly 
correlated shares. While our estimates of the 
implied volatility on a representative share 
are not directly comparable to the volatilities 
estimated in the last section, their serial cor- 
relation properties should be similar. This 
is supported by our finding that movements 
in the implied volatilities cohere reasonably 
well with those of ex post volatilities esti- 
mated from daily returns on the S&P 500. 

To estimate the volatility of the “repre- 
sentative stock” implied by the CBOE Index, 
we assume that the dividend yield on this 
share equals that on the S&P 500.3 We 


Henry Latané and Richard Rendleman (1976) 
compute implied standard deviations for a series of 
options over a 39-week period and discover that these 
implied standard deviations tend to move together. 
Richard Schmalensee and Robert Trippi (1978) find 
similar results. These coincident movements in volatility 
are the market-wide volatility shifts we hope to capture. 

23We assumed that dividends were paid as a continu- 
ing flow at rate À per year, where À is the current yield 
on the S&P 500. 
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follow Black’s (1975) suggestion for dividend 
adjustment and subtract the present value of 
dividend payments over the life of the op- 
tion from the price of the stock. We assume 
that the option on the representative stock is 
priced according to the formula derived by 
Black and Myron Scholes (1973) and apply a 
numerical search algorithm to determine the 
variance of returns which is consistent with 
the observed option price, risk-free rate, and 
market dividend yield. 

Table 3 shows the estimated autocorrelo- 
gram and partial autocorrelogram for the 
implied volatility series. These are weekly 
data, and so the estimated first-order auto- 
correlation (.965) is higher than those in the 
last section.\* The partial autocorrelogram 
once again suggests that an AR(1) model is 
an appropriate representation for the series. 
One year after a shock to volatility, expected 
volatility is predicted to exceed its mean by 
only .9655? =.16, or 16 percent, of the initial 
shock. The corresponding value of the elas- 
ticity of share prices with respect to volatil- 
ity, calculated by rescaling the parameters a, 
r, and g to correspond to weekly values, is 
— 0.041. This is roughly comparable to our 
estimates in the last section, and confirms 
our earlier conclusion that volatility changes 
do not persist. These data also support our 
claim that volatility is a stationary series, 
since we again reject the null hypothesis of a 
unit root. The test statistic for the non- 
stationarity hypothesis, maintaining a first- 
order autoregressive model, was — 3.04, while 
the .05 critical value from Fuller is — 2.88.15 

The CBOE Call Option Index data pro- 
vide some evidence on the beliefs of market 


14 Because each weekly observation on the CBOE 
Index depends on forecasts of volatility for each of the 
next 26 weeks, two consecutive observations on the 
implied volatility will have 25 weeks of forecast volatili- 
ties in common. This may bias our estimated autocorre- 
lations. We therefore estimated autoregressive models 
using nonoverlapping data periods, corresponding to 
every twenty-sixth observation in our data set. The 
estimated 6-month autocorrelation coefficient from these 
data is .43, which is only slightly lower than the 6-month 
autocorrelation implied by our weekly estimates. 

15 We also performed unit root tests with much longer 
autoregressive polynomials and continued to reject the 
unit root hypothesis at very high confidence levels. 
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TABLE 3— AUTOCORRELOGRAM FOR VOLATILITY 
FORECASTS IMPLIED BY OPTION PREMIA 


Lag Length Partial 
(weeks) Autocorrelation Autocorrelation 
1 0.965 (0.012) 0.965 (0.012) 
2 0.932 (0.017) — 0.057 (0.046) 
3 0.895 (0.021) — 0.094 (0.046) 
4 0.859 (0.024) — 0.012 (0.046) 
5 0.823 (0.027) — 0.061 (0.046) 
6 0.789 (0.029) — 0.019 (0.046) 
7 0.753 (0.031) — 0.056 (0.046) 
8 0.716 (0.033) — 0.036 (0.047) 
9 0.685 (0.034) — 0.031 (0.047) 
10 0.655 (0.035) 0.017 (0.047) 
11 0.632 (0.036) 0.096 (0.047) 
12 0.613 (0.037) 0.034 (0.047) 
13 0.596 (0.038) 0.039 (0.047) 
14 0.574 (0.039) — 0.117 (0.047) 
15 0.551 (0.039) — 0.008 (0.047) 
16 0.534 (0.040) 0.099(0.047) 
17 0.515 (0.041) — 0.024 (0.047) 
18 0.497 (0.041) 0.016 (0.047) 
19 0.484 (0.042) 0.057 (0.047) 
20 0.472 (0.042) 0.046 (0.048) 
21 0.464 (0.042) 0.038 (0.048) 
22 0.458 (0.042) 0.038 (0.048) 
23 0.450 (0.042) — 0.039 (0.048) 
24 0.443 (0.043) — 0.003 (0.048) 


Notes: Volatility forecasts are calculated by inverting 
the Black-Scholes option valuation formula to obtain 
the volatility implied by CBOE option premia indices. 
These data span the period 1976:1 to 1984:26, a total of 
447 weekly observations. Standard errors are shown in 
parentheses. 


participants, but they do not permit us to 
directly investigate how long-term expecta- 
tions of volatility respond to changing 
short-term volatility expectations. A second 
source of option data can illuminate this 
issue. Since 1979, Value Line has computed 
indices of option premia at three- and six- 
month maturities. The availability of two 
different maturity option indices provides an 
opportunity for additional tests of the per- 
sistence hypothesis. We inverted these op- 
tion premia indices using | the same proce- 
dure as for the CBOE data.!6 


16The Value Line data were available for the period 
1980:16 to 1984:26; this constitutes a total of 220 
weeks. However, there were 17 weeks of missing data. 
This precluded calculating the long autocorrelograms 
which are reported for the other volatility series. How- 
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The implied volatility for the six-month 
options is assumed to equal the average of 
the expected three-month volatilities for the 
next three months, and the three months 
following them. This means: 


(16) 16% i (302 + 13% 13)/2 


where , ,0,” is the yolatility expected to pre- 
vail, as of time 7, over the k months begin- 
ning in week s. The assumption in (16) 
allows us to solve for an estimate of the 
implied forward volatility that is expected to 
prevail for the three-month period beginning 
three months from the current week: 


(17) 


Regression estimates of the change in this 
implied forward volatility which occurs when 
the current three-month “spot” implied 
volatility changes are 


a2 _ e2_ A2 
t+13,3% r= 216% 1,35 ? 


a? a2 
(18) 413,3 — 1412,30 


= —.0233 + 0.511[, 38? — 1,31} 
(.0769) (0.050) 


These results indicate that when current vol- 
atility expectations change, expected volatil- 
ity in future periods also changes, but by 
much less than the change in current volatil- 
ity. They imply that the half-life of a volatil- 
ity shock is just over three months, and 
provide further evidence for our contention 
that volatility shocks do not persist. 


IV. Conclusion and Implications 


Our findings suggest that shocks to stock 
market volatility do not persist for long peri- 
ods. Estimates based on both actual and 
ex ante volatilities indicate that these volatil- 
ity shocks have half-lives of less than six 
months, and in some cases as short as one 
month. Moreover, our results suggest that 


ever, the first-order autocorrelations for these series, 
.88 for the 3-month implied volatility and .87 for 
the 6-month, were roughly consistent with our earlier 
findings. 
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substantially` greater half-lives for volatility 
shocks can be rejected at extremely high 
confidence intervals. Our highest estimate of 
volatility persistence, obtained by fitting an 
IMA(1,3) process to volatilities for the 
1930-84 period, suggests that the elasticity 
of the market price with respect to a volatil- 
ity shock is —.23. Most of our estimates 
suggest that this elasticity is much smaller, 
between —.02 and —.05. These estimates 
imply that a doubling of volatility, which is a 
large shock by historical standards, would 
therefore reduce the level of share prices by 
at most 23 percent and probably by much 
less. 

These results cast doubt on the hypothesis 
advanced by Malkiel and Pindyck that the 
transition to periods of higher uncertainty 
was responsible for the very poor perfor- 
mance of the stock market during the 1970's. 
They lead us.to doubt that volatility fluctua- 
tions, and the movements in equity risk pre- 
mia which they induce, can explain a large 
fraction of -the variation in the stock 
market’s level. More generally, these results 
only deepen the puzzle of accounting for the 
fundamental factors which explain the 
dramatic fluctuations in stock prices. 
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The Cyclical Flexibility of Wages 


By CHARLES L. SCHULTZE* 


In a recent issue of this Review, Anthony 
O’Brien (1985) takes issue with the findings 
of my 1981 article that the short-run flexibil- 
ity of wages in response to cyclical changes 
in aggregate demand was already small by 
the early years of this century and did not 
decline substantially after World War II. 

In the 1981 paper, I constructed several 
measures of wage and price flexibility. One 
of them was a coefficient of cyclical flexibil- 
ity for various indices of prices and wages 
derived as the ratio between two variables: 
1) the mean change in inflation rates in 
expansions less their mean change in con- 
traction phases of the business cycle; and 2) 
the mean change in nominal GNP growth in 
expansions less their mean change in con- 
traction phases. That ratio I called the flexi- 
bility coefficient, À, and compared its values 
for early peacetime cycles, lying in the inter- 
val 1900-14, 1923-29, with its values for the 
first part of the postwar period, 1949-66. 
Among other results I found that for the 
private nonfarm deflator and the nonfood 
CPI, flexibility was already quite low in the 
prewar years and did not decline into the 
postwar period. With farm and food prices 
included, the flexibility coefficients for the 
total GNP deflator and the total CPI, while 
of only moderate size in the prewar period 
fell even lower in the postwar years. In the 
case of average wages for the economy as a 
whole, flexibility was also low in the prewar 
period (A = 0.16),” and it became somewhat 
lower in the postwar years (A = 0.10 to 0.11). 
In the case of manufacturing wages to which 


*Senior Fellow, The Brookings Institution, 1775 
Massachusetts Avenue, NW, Washington, D.C. 20036. 

1The 1981 article explained the reasons for this 
choice of periods. 

In my earlier article, the economywide wage flexibil- 
ity coefficient for the prewar period was mislabeled 
“private nonfarm” and given a value of 0.15. It should 
have been labeled “total economy” and given a value of 
0.16. The postwar wage flexibility of 0.10 to 0.11 does 
refer to the private nonfarm economy. 
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O’Brien pays particular attention, flexibility, 
while still not substantial, was somewhat 
higher in both periods (0.25 and 0.16 respec- 
tively).? The flexibility coefficients for whole- 
sale prices did fall substantially. As I con- 
cluded in the 1981 paper, “Wage flexibility 
was never large; but the combination of its 
smaller size and the lower amplitude of con- 
tractions in the postwar period produced a 
wage series that rose only slightly less in 
contractions than expansions” (p. 541). 
O’Brien addresses my findings with re- 
spect to wages and criticizes both the choice 
of wage series and the substantive analysis 
of the article. I shall not discuss the data 
issues here, except to note that with respect 
to manufacturing wages—where O’Brien 
concentrates his analytical comments—my 
earlier results are essentially unchanged when 
one substitutes the prewar series he prefers 
(the Rees manufacturing wage series) for the 
one I used (Rees through 1919 spliced into a 
BLS wage series thereafter). For the calcula- 
tions in the remainder of this note, I use the 
Rees series over the entire period, 1890-1940. 
In his analytical comments, O’Brien raises 
some important issues, but their resolution 
does not, I believe, substantially alter the 
conclusions of my paper. O’Brien argues that 
my exclusion of the very large post-World 
War I cycle of 1919-21, the 1890-99 years 
which include a depression in 1892-94, and 
the Great Depression years, 1930-40, sub- 
stantially biases downward my prewar coeffi- 
cient of manufacturing wage flexibility. In 
fact, however, the addition of both the de- 
pression years 1930-40 and the decade of 
the 1890’s to my data lowers my previously 
published coefficient of manufacturing wage 


3Using perfect market clearing as a standard (A = 
1.0), the decline in flexibility between the two periods 
should be judged by comparing the values of (1—A). 
Thus, manufacturing wages fell 75 percent short of 
perfect flexibility in the peacetime cycles of the prewar 
period and 84 percent short in the postwar years. 
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flexibility from 0.25 to 0.20, and takes it a 
little closer to the postwar value for manu- 
facturing of 0.16. Adding in the 1930’s when 
manufacturing wages first declined to 1933, 
rose very substantially to 1937 and then fell 
in 1938 raises the flexibility coefficient. But 
adding in the 1890’s, when manufacturing 
wages accelerated during the year after the 
cyclical peaks of 1892 and 1895, lowers the 
coefficient. O’Brien added back only the de- 
pression years, and so obtained a larger 
coefficient of 0.35. 

For purposes of Comparing pre- and post- 
war wage flexibility in recessions, the depres- 
sion of the 1930’s should, I believe, be ex- 
cluded. In terms of the concepts I used in 
the 1981 article, the huge changes in unem- 
ployment and the large swings in prices that 
occurred during the 1929—40 period led to 
shifts in the preexisting wage and price 
norms. More importantly, insofar as manu- 
facturing wages are concerned, the onetime 
wage gains in the years after 1933, from New 
Deal measures and unionization, substan- 
tially affected the results.4 For both these 
reasons, the cyclical swings in wages relative 
to the swings in nominal GNP as measured 
by A were greater in the 1929-40 period than 
in the typical peacetime business cycle. 

Why not include the immediate postwar 
cycles, 1919-21 and 1946-49, in the sample 
of data from which A is estimated? The 1981 
paper has a section (pp. 562-63) which shows 
that the behavior of wages and prices in the 
war and immediate postwar cycles, for both 
World War I and World War II, is vastly 
different from their behavior at other times. 
I argue in that paper that economic agents 
recognized the atypical nature of the wartime 
expansions and the accompanying wartime 
inflation. And so norm or expected rates of 
inflation collapsed very rapidly in the post- 
war readjustment recessions relative to their 
behavior in other recessions. In the swing 


4See, for example, the discussion by Martin Neil 
Baily (1983, pp. 53-56). 
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from expansion in 1919-20 to contraction in 
1920-21, the ratio of the deceleration of 
manufacturing wages to the deceleration of 
nominal GNP (i.e. the A) was 0.80; for 
the post-World War II adjustment cycle 
(1946-49) the ratio was also high, 0.61. I do 
not believe these atypical responses should 
be included when analyzing the peacetime 
cyclical behavior of inflation. But, even when 
I do include both postwar adjustment cycles, 
along with the recovery of 1921-23, in 
estimating A, its value becomes larger but is 
still very much the same in both eras: 0.30 
for the early period (1890-1914; 1919-40) 
and 0.29 for the later period (1946-66). 

In sum, there are good analytical reasons 
for excluding the two postwar adjustment 
cycles and the depression of the 1930’s from 
my sample. But their inclusion, along with 
the cycles of the 1890’s, does not essentially 
alter the conclusions I drew in the 1981 
paper about the comparative behavior of 
manufacturing wage inflation: It was already 
quite sticky in the late nineteenth and early 
twentieth centuries, but became somewhat 
stickier in the years after World War II. 
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A New View of the Federal Debt and Budget Deficits: 
Comment 


By Ross D. MILBOURNE AND DANIEL J. RICHARDS* 


In a recent paper (1984), Robert Eisner 
and Paul Pieper, present new calculations of 
the real value of the federal debt. Eisner and 
Pieper correctly take account of fluctuations 
in the market value of nominal assets and 
liabilities, and also take account of changes 
in real values wrought by inflation. They 
define an adjusted real deficit as the change 
in the real net debt of the government (liabil- 
ities less assets). Defining L(A) as the nomi- 
nal value of already outstanding government 
liabilities (assets), P as the price level and P 
as its rate of change, and D as the conven- 
tionally measured deficit, Eisner-Pieper de- 
fine their adjusted real deficit (D*/P) as 


L-A). 
ae 
P 


D* 


a 2. D (ALAA) 


P P 
Eisner and Pieper not only claim that it is a 
new measure, but a better measure of fiscal 
policy, and provide econometric evidence to 
that effect. 

Eisner and Pieper interpret D*/P as a 
measure of “fiscal thrust,” the ex post actual 
effect of spending and taxation upon in- 
come. However, they also adjust the high- 
employment deficit, a measure not of actual 
spending but of “conscious fiscal action.”! 
The Eisner-Pieper measure, however, is not 
better in separating endogenous and discre- 
tionary factors. 

A central difficulty with the Eisner-Pieper 
deficit is that the price and interest rate 
effects it includes are the intended result of 
policy, not policy actions themselves. Re- 
strictive fiscal policy will lower both price 


*Department of Economics, Queen’s University, 
Kingston, Canada K7L 3N6, and Department of Eco- 
nomics, Tufts University, Medford, MA. 02155, respec- 
tively. We thank Doug Purvis, Robert Eisner, and Paul 
Pieper for comments. 


See Walter Heller (1967, pp. 66-67). 


A 
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levels and interest rates, which may be what 
originally motivated the policy. But both 
effects raise the real market value of out- 
standing debt, which Eisner and Pieper con- 
sider expansionary. Thus, the Eisner-Pieper 
deficit could label a deliberate and successful 
contraction as expansionary.” They argue 
that if expansionary policy causes inflation 
and leads to no change in real variables, it 
cannot be labelled expansionary. Analo- 
gously, consider an increase in the money 
supply which raises prices and so does not 
change the real money supply in the long 
run. Eisner and Pieper argue that, since when 
the resulting price changes are taken into 
account no real variables are affected, the 
original increase in the money supply is not 
expansionary. 

Eisner and Pieper claim that their deficit 
measure is better, on the basis of regressions 
of GNP growth (AY) on various deficit mea- 
sures (d) as follows: 


(2) AY, =a+ Bd,_,+ Yd,-2- 


Their deficit measure produces better coeffi- 
cients and a higher R^. But this must hap- 
pen, given the totally inappropriate reduced 
form specification (2). To see this, consider 
the simple macro model 


Y=C+I+G 
C=c(Y-T)+h(L/P), I=1,T=T, 


?The 1937-39 recession is a case in point. Cary 
Brown (1956) has shown this recession was in part due 
to contractionary fiscal policy (the conventional high- 
employment surplus being $1.4 billion in 1937). But 
back-of-the-envelope calculations show that the Eisner- 
Pieper high-employment deficit for those years would 
classify fiscal policy as expansionary, due to a contem- 
porary price decline of 5 percent on federal debt of $29 
billion. 
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where C, I, G, and T are, consumption, 
investment, government spending, and lump 
sum taxes, respectively, all in real terms. 
Lump sum taxation is used to remove a 
distinction between the actual and high-em- 
ployment deficit, and real wealth is assumed 
to depend upon the real value of bonds or 
government liabilities (L/P). Defining D/P 
=G-—T, the reduced form of this model 
gives, when differenced. 


AI+cAT 
l-c 


“ral(>)-(5),.} eel), 


Clearly, real wealth effects will enter the 
reduced form,’ so that in running a simple, 
misspecified regression such as (2) which ex- 
cludes real wealth (Pigou) effects, a deficit 
measure which incorporates those wealth 


(3) AY,=¥,-¥1= 








3Of course, assuming that the first term in (3) is a 
constant over the sample period, as done in (2), is also 
misspecifying the reduced form. 
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effects, (D*/P), must do better. Eisner and 
Pieper’s results merely show that wealth 
effects were important, which confirms 
Frederic Miskin’s (1977) results. Eisner and 
Pieper have simply obtained a higher R? by 
transferring the Pigou effect to the fiscal 
policy variable. 

While Eisner-Pieper’s figures are a better 
indication of the government’s ex post posi- 
tion, they are not a better measure of fiscal 
policy. 
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A New View of the Federal Debt and Budget Deficits: Reply 


By ROBERT EISNER AND PAUL J. PIEPER* 


It is not clear what Ross Milbourne and 
Daniel Richards mean in their comment 
(1986) by referring to the official high- 
employment deficit as a measure of “con- 
scious fiscal action,” as they add imme- 
diately that our adjusted measure (1984) “is 
not better in separating endogenous and dis- 
cretionary factors” (p. 1154). In fact, the 
high-employment deficit is not a measure of 
conscious fiscal action. It is simply the def- 
icit that would exist at a specified level of 
employment. That may reflect, in part, con- 
scious decisions by fiscal authorities. It also 
reflects much more. 

As we pointed out originally, “The high- 
employment budget, while aimed at elim- 
inating the cylical effects on the actual 
budget, is of course not exogenous to what is 
going on in the economic system. To con- 
sider it a measure of fiscal thrust is not to 
view it as entirely at the discretion of fiscal 
authorities.” In particular, we noted that 
“higher price levels and inflation cause more 
than proportionate increases in corporate 
taxes, and in personal taxes as long as the 
rate structure is progressive and not indexed” 
(pp. 17-18). Expenditure programs are simi- 
larly affected by inflation and changing in- 
terest rates, both of which may be quite 
outside the realm of “conscious fiscal action.” 
The Fed, for example, can increase the ac- 
tual and (unadjusted) high-employment bud- 
get deficits by taking action that increases 
nominal interest rates. 

Our adjusted measures of deficits do re- 
move some of the nondiscretionary elements 
in the official, unadjusted high-employment 
budget by in effect adjusting for the impact 
of inflation on nominal interest payments. 
But their essential merit is rather that, for 
discretionary, nondiscretionary, and endoge- 


*William R. Kenan Professor of Economics, North- 
western University, Evanston, IL 60201 and Assistant 
Professor of Economics, University of Illinois at 
Chicago, Chicago, IL 60680, respectively. 
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nous elements, they come closer to showing 
the real deficit, that is, the real increase in 
the government’s net debt. 

As for Milbourne and Richards’ concern 
that our measure might mischaracterize a 
contractionary budget as expansionary, we 
first must distinguish time periods. Thus, an 
increase in taxes of $50 billion is likely to 
reduce the current high-employment deficit 
by $50 billion dollars. This would be true for 
both the official high-employment deficit and 
our adjusted one. If the consequence of this 
is lower prices and interest rates, there will 
be an ultimate impact on federal expendi- 
tures and revenues. If these lower prices and 
interest rates are assumed in estimating sub- 
sequent high-employment deficits, those sub- 
sequent deficits—both official and adjusted 
—will be affected. Whether a lower nominal 
deficit will so reduce prices and interest rates 
as to increase the subsequent real deficit is 
extremely doubtful, but the price and inter- 
est effects on both nominal and real deficits 
should certainly be recognized. 

But since the lower prices and interest 
rates will come about only to the extent that 
the tax increase is contractionary, it is dif- 
ficult to lend credibility to Milbourne and 
Richards’ argument that our measure could 
“Jabel a deliberate and successful contrac- 
tion as expansionary.” If the tax increase 
lowers interest rates and prices, it is presum- 


*Milbourne and Richards’ interpretation of fiscal 
policy in the 1937-38 recession does not square with 
the facts. The GNP implicit price deflator rose 4.6 
percent from 1936 to 1937, and between December 1936 
and December 1937 consumer prices rose by 3.2 percent 
(U.S. Department of Commerce, National Income and 
Product Accounts of the United States, 1929-74, p. 359, 
and Statistical Abstract of the United States, 1940, p. 
332). The inclusion of price effects on the real value of 
debt would have made the high-employment surplus 
larger, not turned it into a deficit. The 1937-38 down- 
turn was thus all the better explained by the adjusted 
budget. Prices did decline in 1938, and this then may 
well have contributed, along indeed with the breakout 
of war in Europe, to the 1939 recovery. 
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ably because it lowers aggregate demand. 
The lower interest rates and lower prices 
then offer a partial offset to the contraction- 
ary force of the tax increase. If the interest 


and price effects are so great as to increase . 


the adjusted deficit, then real aggregate de- 
mand would actually be higher, so interest 
rates and prices could not be lower. 


Milbourne and Richards’ argument is sim- - 


ilar to the claim that a decrease in the quan- 
tity of money could lower interest rates, 
because the higher interest rates it would 
bring on would so reduce income as to lower 
the demand for money more than the supply 
of money. One can construct dynamic expec- 
tations scenarios with such perverse reac- 
tions, but they appear highly implausible. 
Where perverse effects do occur, however, 
we would be better off to recognize them, as 
our. adjusted measure would. 

There is a further analogy to monetary 
policy which may be instructive. An increase 
in the rate of growth of the nominal money 
supply will not prove expansionary in real 
terms if it is accompanied by an equal in- 
crease in inflation: the real rate of growth of 
money supply will be unchanged. Similarly, 
a greater nominal deficit, increasing the rate 
of growth of the nominal debt, will not be 
expansionary if an increased rate of inflation 
prevents the real debt from growing any 
faster. It may well be argued, though, that in 
both cases inflation would prevent real 
changes only if the economy were already at 
full employment. 
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As to when policies, fiscal or monetary, 
would be “labelled expansionary” (Mil- 
bourne and Richards’ words, not ours), if 
they increase prices and nominal income they 
are clearly expansionary in nominal terms. If 
Milbourne and Richards wish to say that, we 
have no quarrel. And just as clearly, if poli- 
cies do not change real variables, they are 
not expansionary in real terms. 

Commenting on our empirical results, 
Milbourne and Richards point out that our 
adjusted measures perform better because 
they include real wealth changes. That is 
exactly the point. But they argue that wealth 
changes should not be included in a measure 
of fiscal policy. Wealth changes are, how- 
ever, in the unadjusted deficit. Adapting 
Milbourne and Richards’ notation, they are 
only the nominal changes, AL/P. We reject 
this implicit money illusion and include the 
real changes, A(L/P). We have thus treated 
the inflation tax analogously to other taxes: 
both result in transfers of wealth from the 
private sector to the government. 
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Government Debt, Government Spending, and 
Private Sector Behavior: Comment 


By JAMES R. BARTH, GEORGE IDEN, AND FRANK S. RUSSEK* 


In a recent issue of this Review (1983), 
Roger Kormendi relied upon the work of 
Martin Bailey (1962, 1971) and Robert Barro 
(1974) “to develop an alternative approach 
to modeling private sector consumption- 
saving behavior based on rational evaluation 
of the consequences of government fiscal 
policy” (p. 995). Briefly, this approach in- 
volves determining to what extent govern- 
ment spending substitutes for private con- 
sumption, and to what extent government 
debt is net wealth and thereby also affects 
private consumption. This “consolidated ap- 
proach” to examining private sector con- 
sumption is not only novel, but appears at a 
time when there is widespread interest as 
well as controversy over the effects of 
government fiscal policy. It therefore seems 
only appropriate to examine further the re- 
sults obtained by Kormendi—not to criticize 
them but rather to explore their robustness. 

This comment specifically explores the 
sensitivity of Kormendi’s results to alterna- 
tive time periods of estimation, to the differ- 
entiation between federal debt and state and 
local government debt, and to the measure- 
ment of government debt—particularly par 
vs. market value. 


I. Empirical Model 


`. To test the consolidated approach, 
Kormendi specifies and estimates the follow- 


*Barth: George Washington University, Washington, 
D.C. 20052; Iden and Russek: Congressional Budget 
Office, Washington, D.C. 20515. This paper was written 
when Barth was on leave at the Congressional Budget 
Office. We are grateful to Roger Kormendi for his 
helpful suggestions, and to Stacy A. Miller and Peter A. 
Woodward for their excellent research assistance. The 
views expressed in this paper are our own and do not 
necessarily reflect the views of the Congressional Budget 
Office or its staff. 
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ing two equations: 
(1) PC,=ao+ ay, + ay¥,_1 + 4,68, 
+a,W,+ a,TR,+ a ,GB,+ u, 
(2) PC,=ay+ayY,t apY¥,_1 + G8, 
+ a,W,+a,TR,+ a,GB,+ a.TX, 
+ a,RE,+ a,GINT, + u,, 


where both equations are in first-difference 
form and PC is private sector consumption, 
Y is net national product, W is private 
wealth, GS is government spending on goods 
and services, TR is transfer payments, TX is 
taxes, RE is corporate retained earnings, 
GINT is government interest payments on 
its outstanding debt, and GB is government 
debt. As regards equation (1), the consoli- 
dated approach implies that the coefficient 
a, should be negative and between zero and 
minus one, and that the coefficient a, should 
be zero, whereas the “standard approach” 
assumes the private sector ignores govern- 
ment spending so that a, is zero and treats 
government debt as net wealth so that a, is 
positive. As regards equation (2), the con- 
solidated approach implies that —1 < a, <0, 
and that a, through a, are all zero.’ The 


1Kormendi states that “The magnitude of a, will 
then depend upon the discrepancies in propensities to 
consume and the extent to which changes in transfers 
are perceived to be permanent” (p. 997). Holding 
government purchases constant, however, transfer pay- 
ments usually are treated as negative taxes and thus as 
having no effect on consumption under the Ricardian 
Equivalence Theorem (see for example, Willem Buiter 
and James Tobin, 1980, and Martin Feldstein, 1982). As 
the referee noted, “Treating transfer payments as nega- 
tive taxes with no wealth redistribution is less general 
than treating them as potentially redistributive.” But he 
goes on to state, “Of course, taxes may redistribute 
wealth, which is a potential reason for TX having a zero 
coefficient.” 
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TABLE 1—KORMEND?’S ORIGINAL RESULTS AND OUR ATTEMPTED REPLICATIONS? 


1931-40/ 
Independent 1931-76 Replication 1931-76 Replication 1947-76 Replication 
Variable? o D @) 4) (5) © 
Intercept NA. 0.003 N.A. 0.005 N.A. 0.005 
(0.81) (1.23) (1.10) 
Y 0.29 0.32 0.32 0.32 0.33 0.33 
(1.3) (8.21) (14.8) (14.27) (14.1) (13.67) 
Yı 0.07 0.07 0.06 0.06 0.05 0.06 
(3.3) (3.00) (3.0) (2.87) (2.2) (2.61) 
GS — 0.23 —0.21 —0.23 ~0.21 —0.21 ~ 0.20 
(12.8) (11.05) 032 (11.10) (3.5) (3.22) 
wW 0.03 0.02 0.03 0.02 0.03 0.02 
(3.0) (3.06) (3.4) (3.51) (3.5) (2.95) 
TR 0.83 0.64 0.78 0.63 0.74 0.64 
(5.6) (3.78) (5.6) (3.94) (3.5) (3.80) 
TX 0.07 0.02 - - - - 
(0.9) (0.20) 
RE 0.10 —0.01 - - ~ - 
(0.9) (0.12) 
GINT 1.15 1.67 - - - - 
(1.3) (1.88) 
GB — 0.06 ~— 0.05 —0.04 ~0.03 — 0.03 — 0.04 
W (2.9) (2.76) (2.4) (1.91) (1.6) (2.02) 
R? 0.911 0.880 0.902 .875 0.910 0.881 
SER 0.0175 0.0178 0.0176 0.0181 0.0178 0.0185 


Dependent variable-consumer expenditures; first-difference form. The t-statistics 
are shown in parentheses. 

ÞY = net national product, constant dollars, per capita; GS = federal, state, and local 
government purchases of goods and services, NIPA bais, constant dollars, per capita; 
W = private wealth, constant dollar per capita, measured by the stock of residential 
plus nonresidential fixed capital plus an estimate of the stock of human capital; 
TR = federal, state, and local government transfers to persons, constant dollars, per 
capita; TX = federal, state, and local government revenues, constant dollars, per capita; 
RE = corporate retained earnings, constant dollars, per capita; GINT = federal, state, 
and local government net interest payments, constant dollars, per capita; GB = federal, 
state, and local government debt, market value, beginning of period, constant dollars, 
per capita; GBP = par value counterpart of GB; GBF = federal government compo- 
nent of GB; GBSL = state and local government component of GB; GBFP = federal 
government component of GBP; and GBSLP = state and local government component 
of GBP. 
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standard approach, on the other hand, im- 
plies that a, is zero, that a4, as, and ag are 
positive, and that a, and a, are negative. 
Table 1 presents Kormendi’s results of 
estimating equations (1) and (2) as well as 
our attempted replications.? In addition 
to estimating the two equations for the en- 


2The Data Appendix documents all of the data used 
in this comment. Although we were not able to obtain 
his original data, we wish to thank Kormendi for help- 
ing us in our reconstruction of his data set. Also, we are 
grateful to James Butkiewics, W. Michael Cox, John 
Musgrave, and John Seater for data and helpful discus- 
sions. 


tire 1931-76 period, Kormendi estimated 
equation (1) with the war years omitted. 
As Table 1 shows, our attempted replication 
of Kormendi’s results leaves his general con- 
clusions unaltered. Government spending 
significantly substitutes for private consump- 
tion and government debt fails to be signifi- 
cantly and positively related to consump- 
tion.” Furthermore, although government 
interest payments are nearly significant, taxes 


3Also, our finding that government debt and private 
wealth have significantly different coefficients is gener- 
ally inconsistent with the standard approach. 
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TABLE 2—-ANALYSIS OF KORMENDI’S RESULTS: EFFECTS OF UPDATING THROUGH 1983 
AND SEPARATING FEDERAL FROM STATE AND LOCAL GOVERNMENT DEBT®? 


1931-40/ 1931-40/ 
Independent 1931-83 1931-83 1947-83 1931-83 1931-83 1947-83 
Variable (1) (8) KO) (10) (11) (12) 
Intercept 0.01 0.01 0.01 0.01 0.01 0.02 
(1.82) (2.44) (2.51) (1.64) (2.63) (3.28) 
Y 0.31 0.31 0.31 0.31 0.32 0.32 
(6.77) (11.99) 124) (6.60) G20) (1213) 
Ya 0.06 0.05 0.05 0.06 0.04 0.05 
(2.43) 20 (1.90) (2.39) (1.92) (1.91) 
GS -020 -019 -0.17 -0.20 0.20 -0.17 
(9.21) 0.04 (2.41) (8.89) (9.18) (2.48) 
w 0.02 0.02 0.02 0.02 0.02 0.01 
(2.98) (2.93) (2.52) (2.95) (2.75) (2.24) 
TR 0.69 0.72 0.71 0.69 0.67 0.59 
(3.85) (4.21) (3.96) (3.78) (3.87) (3.38) 
TX —0.02 —0.02 
(0.21) (0.22) 
RE 0.07 0.07 
(0.55) (0.57) 
GINT 1.42 1.50 
(2.62) (2.28) 
GB —0.04 -0,02 —0.01 
(1.97) (1.09) (0.62) 
GBF -0:04  —0.01 0.01 
(1.88) (0.86) (0.48) 
GBSL —0.02  —0.09 —0.16 
2 (0.31) (1.57) (2.49) 
R? 0.828 0.812 0.816 0.824 0.815 0.836 
SER 0.0213 0.0223 0.0229 0.0215 0.0221 0.0217 


abSee Table 1. 


and retained earnings clearly have no signifi- 
cant effect on private consumption. Based 
upon an F-test, one cannot reject the null 
hypothesis of the consolidated approach 
that ag=a,=a,=0. Thus, Kormendi’s 
original results and our attempted replica- 
tions provide some support for the consoli- 
dated as opposed to the standard approach 
to explaining consumer behavior. Viewing 
government transfer payments as negative 
taxes, however, one can reject the null hy- 
pothesis that a,=a,=a,=a,=0. In ad- 
dition, the finding that government debt has 
a significantly negative effect on consump- 
tion appears inconsistent with both ap- 
proaches.‘ 


4In his referee’s comment, Kormendi noted that “A 
negative coefficient on government debt is net incon- 
sistent with the Consolidated Approach when adjusted 
to include uncertainty of tax incidence.” In this regard, 
see pp. 1004-05 in Kormendi’s original paper. 


The next step in our check on the robust- 
ness of Kormendi’s findings was to update 
the analysis through 1983. The results of this 
exercise are presented in columns 7 through 
9 in Table 2. As may be seen, these results 
are broadly similar to those reported in Ta- 
ble 1. However, government interest pay- 
ments are now significant, while government 
debt retains its negative sign but becomes 
insignificant at the 5 percent level. This latter 
finding is consistent with the consolidated 
approach. Moreover, based upon an F-test, 
one still cannot reject the null hypothesis of 
the consolidated approach that a,=a,= ag, 
= (0. However, this hypothesis can be re- 
jected based upon Wald and likelihood ratio 
tests at the 5 percent level. For all these 


5According to the referee, “Under normal error, F- 
test is exact, while others are asymptotic.” However, 
G. B. A. Evans and N. E. Savin (1982, p. 740) have 
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TABLE 3— ANALYSIS OF KORMENDI’S RESULTS: POSTWAR PERIODS, EFFECTS OF UPDATING 
AND SEPARATING FEDERAL FROM STATE AND LOCAL GOVERNMENT Dest®? 
Independent 1947-76 1947-76 1947-76 1947-76 1947-83 1947-83 1947-83 1947-83 
Variable (13) (14) (15) (16) ay (18) (19) (20) 
Intercept 0.02 0.02 0.03 0.03 0.03 0.03 0.04 0.04 
(2.06) (1.90) (3.56) (3.75) (3.86) (4.38) (5.09) (6.09) 
Y 0.20 0.30 0.21 0.31 0.19 0.24 0.19 0.26 
(2.37) (7.21) (2.81) (8.94) (2.15) (6.36) (2.42) (8.09) 
Yi 0.06 0.05 0.09 0.06 0.05 0.03 0.07 0.04 
(1.39) (1.65) (2.32) (2.14) (1.15) (0.89) (1.97) (1.49) 
GS —0.13 —0.17 —0.18 —0.17 —0.14 —0.14 —0.17 —0.15 
(1.60) (2.12) (2.45) (2.52) (1.97) (1.90) (2.57) (2.45) 
w 0.01 0.02 0.004 0.01 0.02 0.02 0.01 0.01 
(1.14) (1.41) (0.42) (0.75) (2.28) (2.11) (0.76) (1.47) 
TR 0.61 0.58 0. 0.37 0.39 0.41 0.28 0.23 
(2.20) (2.15) (1.79) (1.59) (1.73) (1.85) (1.33) (1.17) 
TX 0.14 0.19 0.10 0.14 
(0.98) (1.55) (0.68) (1.13) 
RE 0.11 0.22 0.12 0.23 
(0.57) (1.30) (0.68) (1.36) 
GINT 1.96 —0.63 1.15 — 0.72 
(1.69) (0.47) (2.09) (0.87) 
GB —0.03 —0.02 0.01 0.03 
(1.01) (0.73) (0.50) (0.96) 
GBF 0.02 0.02 0.06 0.05 
(0.52) (0.62) (1.91) (2.18) 
GBSL —0.32 —0,28 —0.27 —0.19 
= (3.02) (3.52) (2.56) (2.95) 
R? 0.761 0.744 0.822 0.826 0.744 0.721 0.795 0.800 
SER 0.0196 0.0203 0.0169 0.0167 0.0207 0.216 0.0185 0.0183 
abSee Table 1. 


tests, moreover, one can reject the hypothe- 
sis that a, = a,=a,=a,=0. 
Table 2 also presents results of estimating 
equations (1) and (2) with government debt 
broken down into its federal and state and 
local components. These results are reported 
in columns 10 through 12. As may be seen, 
the government spending variable remains 
highly significant and carries a negative 
coefficient that lies between zero and minus 
one. The federal debt variable is insignifi- 
cant, though it does become positive in one 
case. The state and local government debt 
variable is negative in all three equations 
and quite significant in the one omitting the 
war years. Based upon an F-test, one can 


shown that, in the normal error case, these tests are 
monotonic functions of the F-test statistic, so that there 
should be no conflict among them. Thus, our findings 
suggest that the normality assumption may be 
questionable and its potential violation less than in- 
nocuous. 


reject açgr = Aggs,, in equation (12) but not 
in (10) or (11). Also, ag =a,=a,=0 can- 
not be rejected. 

The next set of results is presented in 
Table 3 and covers the shorter, more recent 
periods of 1947 through 1976 and 1947 
through 1983. Columns 13 through 16 con- 
tain the results for the first period (which is 
the postwar part of Kormendi’s sample 
period), while columns 17 through 20 con- 
tain the results for the second period (which 
updates the postwar part of Kormendi’s 
sample period). Results for both equations 
(1) and (2) are presented as well as for both 
total government debt and its separate 
federal and state and local components. 
Again, a,=a,=a,=0 cannot be rejected, 
but the results for the government spending 
variable are sensitive to omitting the prewar 
time period; the coefficient becomes in- 
significant (at the 5 percent level) for equa- 
tion (2) in the 1947-76 period and for equa- 
tions (1) and (2) in the 1947-83 period. As 
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TABLE 4— ANALYSIS OF KORMENDI’S RESULTS: EFFECTS OF ALTERING POSTWAR SAMPLE PERIODS®> 


Independent 1947-81 1947-81 1947-81 1947-81 1949-83 1949-83 1949-83 1949-83 1949-82 1955-81 
Variable (21) (22) (23) (24) (25) (26) an (28) (29) (30) 
Intercept 0.02 0.02 0.03 0.03 0.02 0.03 0.04 0.03 0.03 0.03 
(2.08) (2.30) (3.56) G6) (2.74) G67 (5.08) (5.40) (4.51) (3.50) 
Y 0.20 0.30 0.20 0.30 0.21 0.24 0.24 0.27 0.23 0.31 
(2.61) (1.84 (2.95) (8.95) (235) (6.2) (36) (9.18) 832 (4.18) 
Ya 0.07 0.05 0.09 0.60 0.07 0.04 0.14 0.10 0.14 0.09 
aT a65) 6) (14) (1.59 (0.91) (3.60) (3.06) 8.56) (2.02) 
GS -018 -018 -0.20 -019 -0.10 -—012 -010 -008 -0.12 -0.17 
(2.68) (2.70) (3.34) (11) (133) (1.51) (161) a3) (79 (1.63) 
w 0.02 0.02 0.01 0.01 0.02 0.02 —0.0001 0.01 0.001 0.003 
(2.76) (2.66) Q020) Q20) Q216 (2.03) (0.01) (1.01) (0.19) (0.36) 
TR 0.51 0.53 0.40 0.35 0.50 0.44 0.46 0.41 0.45 0.50 
(2.44) (263) (2.09) (1.87) (2.00), (7) 238) (2.15) 239 (2.21) 
TX 0.16 0.20 0.04 0.06 0.08 0.09 
(1.21) (.69) (0.29) (0.56) (0.65) (0.80) 
RE 0.14 0.24 0.11 0.23 0.23 0.03 
(0.85) (1.56) (0.59) (1.58) (1.54) (0.19) 
GINT 0.68 —0.99 1.39 —0.97 —0.92 = 177 
(1.27) (1.30) (2.35) (1.32) (1.23) (2.38) 
GB -0.02  —0.01 0.04 0.03 
(0.68) (0.52) (0.95) (0.91) 
GBF 0.02 0.01 0.12 0.12 0.10 0.13 
(0.75) (0.54) (3.44) (3.61) (241) (2.49) 
GBSL -0.28  —0.18 -0.34 -022 -0.34 0.37 
_ (2.92) (2.95) (3.57) (3.76) 659) (3.94) 
R? 0.799 0.791 0.842 0.837 0.687 0.647 0.809 0.804 0.812 0.842 
SER 0.0187 0.0191 0.0166 0.0169 0.0208 0.0221 0.0163 0.0165 0.0164 0.0151 


abSee Table 1. 


regards the total government debt variable, 
it becomes positive in the 1947-83 period, 
but is not significant in either period. When 
the debt variable is partitioned, the federal 
component is uniformly positive and be- 
comes significant in equation (1) for the 
1947-83 period. The state and local compo- 
nent, on the other hand, is uniformly nega- 
tive and significant for both periods, and the 
F-test statistics indicate that @¢pr=A4gpsr 
can be rejected in all cases.° Overall, these 
results provide less support for the consoli- 
dated approach than do the original results 
reported in Table 1. 

Table 4 presents still further results for 
selected postwar sample periods. To de- 


ŚAccording to the referee, “GBF positive and GBSL 
negative are contradictory.” He adds that “no theory 
predicts such results.” However, Buiter and Tobin state, 
“The claim that households internalize public debt is 
surely more credible for state and local governments. 
They are subject to legal and economic debt limits; they 
cannot print money; there are fairly direct links be- 
tween their outlays, including debt service, and their tax 
levies” (pp. 46—47). Together with Kormendi’s uncer- 
tainty argument, the Buiter-Tobin view suggests a nega- 
tive coefficient on state and local debt is not incon- 
sistent with federal debt having a positive coefficient. 


termine to what extent the results were de- 
pendent upon the inclusion of 1982 and 
1983, these two years were omitted. Columns 
21 through 24 therefore present the results 
for the period 1947 through 1981. The 
government spending variable is negative and 
significant in all four cases, while the total 
government debt variable is negative but 
insignificant. When the debt variable is par- 
titioned into its federal and state and local 
components, the federal component is posi- 
tive but insignificant, while the state and 
local component is negative and significant. 
Again, 4ggr = 4¢rsz can be rejected in all 
cases, but a,=a,=a,=0 cannot be re- 
jected.’ 

To be symmetric, the first two years were 
dropped from the sample period rather than 
the last two years. The results of this par- 
ticular estimation are reported in columns 25 
through 28 of Table 4. In this case, the 
government spending variable is still nega- 
tive but no longer significant. The total 


? These findings hold throughout for Table 4. 
®Coincidentally, this means that we begin with the 
same year as that used by Buiter and Tobin. 
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government debt variable now becomes posi- 
tive, but is not significant. However, when 
this latter variable is partitioned into its 
federal and state and local components, the 
federal component becomes positive and sig- 
nificant, while the state and local | component 
remains negative and significant.? 

` To further check on the robustness of the 
findings for the postwar period, we ex- 
amined the sensitivity of the results for the 
1949 through 1983 period to the exclusion of 
1983, as well as results for the much shorter 
but more recent 1955-81 period.’ Our find- 
ings for these periods indicate that the 
government spending variable is negative but 
insignificant, that the federal debt variable is 
positive and significant, and that the state 
and local debt variable is negative and sig- 
nificant.!! These findings demonstrate that 
the previous results questioning the consoli- 
dated approach are not entirely due to the 
inclusion of the years 1982 and 1983. More 
important, they further demonstrate that the 
choice of sample period can indeed affect the 
empirical results one obtains. This point, of 
course, applies more generally than to just 
the Kormendi study. 

The next-to-last check on Kormendi’s re- 
sults involved using the par as opposed to 
market value of government debt. The rea- 
son for making this particular modification 
is that many previous researchers have re- 
lied upon the former measure, and therefore 
it would be useful to determine whether 
Kormendi’s results are sensitive to this sub- 
stitution. The results of estimating equations 
(1) and (2) for various periods based upon a 


°In his referee comment, Kormendi observed, “The 
fact that TX is always small and insignificant suggests 
that deficits don’t matter. This does not square with the 
stock of debt mattering.” However, even if federal debt 
is net wealth, “taxes may redistribute wealth, which is a 
potential reason for TX having a zero coefficient” (see 
fn. 1). 

10 Beginning in 1955 corresponds to the starting year 
for some of the empirical results on government debt 
and interest rates reported in our earlier article (1984). 

1 When equation (1) was reestimated for the 1949-82 
and 1955-81 periods, the same results were obtained 
except that the coefficient on federal debt was not quite 
significant at the 5 percent level in the latter period. In 
these equations, the F-test statistics indicated rejection 
of 4ggr = agpsL» but not rejection of ag = a7 = ag = 0. 
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par value measure of the government debt 
variable are presented in Table 5. Overall 
these results show that the government 
spending variable is always negative, but 
only significant for the longer periods of 
1931-81 and 1931-83. For the shorter post- 
war periods of 1949-83, 1949-82, and 
1952-82, this variable is never significant.” 
On the other hand, the government debt 
variable when measured on a par value basis 
is negative for the longer periods and posi- 
tive for the postwar periods. Interesting 
enough, it is consistently significant only in 
equation (2) for the former periods and in 
equation (1) for the shorter and more recent 
periods.“ As far as the consolidated ap- 
proach is concerned, these results offer mixed 
support. 

As one final check, both the market value 
of government debt and the difference be- 
tween the market and par values of govern- 
ment debt were included together in the 
same regression equations.\4 These results 
—which parallel those reported in Table 5 
—are presented in Table 6. Note that the 
difference between the market and par val- 
ues of government debt is a measure of the | 
capital gain, and that this term when sub- 
tracted from the market value of government 
debt yields the par value of government debt. 
(Recall that all variables are in first- 
difference form.) The results in Tables 5 and 
6 should therefore be consistent with one 
another. For the most part, this is the case. 
Whenever the par value of government debt 
is insignificant in Table 5, the two debt 
variables included in Table 6 are also in- 
significant, with one exception (compare col. 
39 in Table 5 and col. 49 in Table 6). 
Whenever the par value of government debt 
is significant in Table 5, both debt variables 
in Table 6 are also significant, except in the 
longer periods when the market value of 
government debt is significant but the 
difference between it and its par value is not. 


Starting in 1952 corresponds to the year Levis 
Kochin (1974) used to begin his study. 

13 Based on the F-test statistics, we can reject ag = a7 
=ag=0 for 1931-83, but not for 1931-81 or the 
postwar periods. 

14The referee suggested that this specification be 
explored and reported, 
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TABLE 5—ANALYSIS OF KORMENDI’S RESULTS: PAR VALUE OF GOVERNMENT Dept? 


Independent 1931-81 1931-81 1931-83 1931-83 1949-83 1949-83 1949-82 1949-82 1952-82 1952-82 


Variable (31) (2) (33) (34) (35) (36) (37) (38) (39) (40) 
Intercept 0.003 0.005 0.008 0.01 0.03 0.03 0.02 0.03 0.02 0.03 
(0.84) (1.39) 63 239) 627) (423) QM GB) (2.74) (3.55) 
Y 0.31 0.32 0.31 0.31 0.19 0.19 0.20 0.20 0.22 0.21 
619 G47) (692) (2.04) 23%) (17 Q3% (5.06) (2.48) 617 
Yi 0.06 0.05 0.07 0.05 0.07 0.04 0.07 0.05 0.05 0.04 
(2.91) (251) (269) aM (1.63) (23 (1.66) (127) Q09) (1.13) 
GS —0.21 -—020 -020 -019 -004 —0.02 -006 -004 -0.04 ~0.02 
(11.48) (17) (9.33) (9.07), (04 (0.29 (0.73) (0.47) (0.40) (0.21) 
w 0.02 0.02 0.02 0.02 0.02 - 0.02 0.02 0.02 0.02 0.02 
(4.73) 60D 82W) G2) (64) (285) (273) (2.87) (242 (2.49) 
TR 0.65 0.65 0.71 0.72 0.50 0.46 0.48 0.44 0.51 0.51 
(4.34) (454 (40) G19 219 (2.03) C0 093) (179 (1.86) 
TX 0.03 —0.02 0.01 0.03 0.009 
(0.41) (0.19) (0.08) (0.20) (0.06) 
RE —0.01 0.05 0.08 0.07 — 0.04 
(0.06) (0.41) (0.46) (0.43) (0.21) 
GINT 1.03 1.69 0.97 1.02 0.83 
(1.97) (2.97) (1.70) (1.76) (1.35) 
GBP —0.04 -002 -005  -0.02 0.14 0.17 0.10 0.15 0.13 0.17 
E (2.40) (1.43) 233 (2.02), 219 G0) (4) (22) (1.58) (2.26) 
R? 0.884 0.879 0.833 0.81] 0.727 0.725 0.730 0.726 0.720 0.730 
SER 0.0178 0.0181 0.0209 0.0223 0.0194 0.0195 0.0196 0.0198 0.0202 0.0198 





=>See Table 1. 


TABLE 6—ANALYSIS OF KORMEND!’S RESULTS: MARKET AND MARKET MINUS PAR VALUE OF GOVERNMENT Dept®? 


Independent 1931-81 1931-81 1931-83 1931-83 1949-83 1949-83 1949-82 1949-82 1952-82 1952-82 


Variable (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) 
Intercept 0.004 0.006 0.01 0.01 0.03 0.03 0.02 0.03 0.03 0.03 
(0.94) (1.54) a56 Q23% B4) (4.53) (3.00 (8.94) 610 (3.70) 
Y 0.31 0.32 0.31 0.31 0.19 0.19 0.19 0.21 0.23 0.23 
(8.19 (15.20) (6.85) (1.8) (22) (5.34) (229 (5.44) (269) (6.13) 
Y_, 0.06 0.05 0.06 0.05 0.08 0.05 0.08 0.05 0.06 0.06 
(3.08) (2.87) (2.61) (1.98) (1.78) (1.42) (1.86) (1.56) (139 (1.82) 
GS —0.21 -0.21 —019 -O19 -003 —0.01 -060 -0.05  —0.06 —0.06 
(11.40) (11.90) (8.87) (8.60 (0.33) (0.16) (0.68) (0.55) (0.59 (0.63) 
w 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
(4.28) (4.42) BON (2.90) (89 (2.09) Q (2.22) Q4 (1.38) 
TR 0.66 0.64 0.70 0.72 0.55 0.50 0.53 0.49 0.71 0.72 
(4.40) (4.60) (3.95) (413) 2360 (228) (226 (220 (2.47) (2.77) 
TX 0.04 —0.02 0.01 0.03 — 0.004 
(0.54) (0.20) (0.04) (0.19) (0.03) 
RE 0.01 0.05 0.12 0.12 0.001 
(0.13) (0.36) (0.69) (0,70) (0.01) 
GINT 0.82 1.72 0.62 0.62 0.11 
(1.50) (2.90) (0.95) (0.96) (0.15) 
GB —0.04  —0.03 -005 -0.02 0.16 0.20 0.13 0.16 0.19 0.20 
(2.46) a8) 30% (1.06 244 639 (6) (24) (225) (2.91) 
GB-GBP —0.006 ~0.04 0.05 0.003 -022 -027 -020 -025 —0.31 ~0.32 
n 014 (1.07) aoz (0089 (223) 835 Q99 (299 (251) (3.62) 
R2 0.885 0.885 0.830 0.808 0.730 0.741 0.737 0.750 0.750 0.783 


SER 0.0177 0.0177 0.0212 0.0225 0.0194 0.0189 0.0194 0.0189 0.0190 0.0178 


ab See Table 1. 
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Overall, the results in Table 6 do not fully 
support the consolidated approach. Govern- 
ment spending has a negative but not con- 
sistently significant coefficient.15 The market 
value of government debt and the difference 
between it and the par value of government 
debt are neither uniformly negative and sig- 
nificant nor uniformly insignificant.'© How- 
ever, even for the postwar period, the results 
do not fully support the standard approach 
either, in particular because the capital gain 
variable is not positive and significant.!” 


II. Conclusions 


This comment has raised but not resolved 
questions concerning the impact of govern- 
ment fiscal actions on private sector con- 
sumption. Kormendi presented new and im- 
portant empirical results bearing on the issue 
of whether government spending substitutes 
for private spending and whether govern- 
ment debt is net worth and thus a stimulant 
to private consumption. Clearly, his results 
merit careful scrutiny given the considerable 
importance of the issues he addresses. It is 
for this reason that we have updated his 
original results through 1983, analyzed sep- 
arately the effects of federal and state and 
local government debts on private consump- 
tion, checked the sensitivity of his results by 
replacing the market value of government 
debt with the par value, and concentrated on 
more recent postwar time periods. Overall, 
the results based upon these modifications 
raise sufficient questions about the robust- 
ness and interpretation of Kormendi’s origi- 
nal findings that more empirical work in this 
important research area is clearly needed. 


15 Moreover, ag = a7 = a, = 0 can be rejected for the 
1931-83 sample period. 

16See John Seater (1981) for tests of the Ricardian 
Equivalence Theorem that incorporate both of these 
debt-related variables. Based on data through 1974, he 
does not find consistent support for the debt-neutrality 
view, in part because the market value of government 
debt and the capital gain both have significantly posi- 
tive effects on some components of private consump- 
tion. 

17Perhaps, however, Kormendi’s uncertainty argu- 
ment applies here (see fn. 4 above). For additional 
empirical results, see our article (1986). 
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DATA APPENDIX 


This Data Appendix corresponds to that presented 
in Kormendi (1983, pp. 1007-08). Its purpose is to 
document the updating of data and the construction of 
additional variables appearing in this comment. 

The following abbreviations are used: Banking and 
Monetary Statistics, 1914—1940 (BMS1); Banking and 
Monetary Statistics, 1941-1970 (BMS2); Current 
Population Reports (CPR); Flow of Funds Accounts, 
Assets and Liabilities Outstanding, 1959-1982 (FF); 
Historical Statistics of the United States, Colonial Times 
to 1970 (HS); National Income and Product Accounts of 
the United States, 1929-1976 (NIPA); Survey of Cur- 
rent Business (SCB); Standard and Poor’s Statistical 
Service (SPSS); Standard and Poor’s Statistical Service, 
Current Statistics (SPSSCS). 

The primary data series are 


POP = Total Resident Population 1929-83 (CPR, 
Series P—25). 

PNNP = Implicit Price Deflator for Net National Prod- 
uct 1929-83 (Table 7.5, line 3 in NIPA, and in SCB, 
July 1982, July 1983, and March 1984 issues). 

NNPR = Net National Product in billions of 1972 dol- 
lars 1930-83 (Table 1.8, line 3 in NIPA, and in SCB, 
July 1982, July 1983, and March 1984 issues). 

CNDR = Personal Consumption Expenditures on Non- 
durable Goods in billions of 1972 dollars 1930-83 
(Table 1.2, line 4 in NIPA, and in SCB, July 1982, 
July 1983, and March 1984 issues). 

CSR = Personal Consumption Expenditures on Services 
in billions of 1972 dollars 1930-83 (Table 1.2, line 5 
in NIPA, and in SCB, July 1982, July 1983, and 
March 1984 issues). 

CDR = Personal Consumption Expenditures on Dur- 
able Goods in billions of 1972 dollars 1930-83 (Table 
1.2, line 3 in NIPA, and in SCB, July 1982, July 
1983, and March 1984 issues). 

GSR = Government Purchases of Goods and Services 
in billions of 1972 dollars 1930-83 (Table 1.2, line 21 
in NIPA, and in SCB, July 1982, July 1983, and 
March 1984 issues). 

TXN = Total Government Receipts in billions of cur- 
rent dollars 1930-83 (Table 3.1, line 1 in NIPA, and 
in SCB, July 1982 and July 1983 issues; and Table 
3,2, line 1 plus Table 3.3, line 1 in SCB, March 1984). 

GSN = Total Government Expenditures in billions of 
current dollars 1930-83 (Table 3.1, line 6 in NIPA, 
and in SCB, July 1982 and July 1983 issues; and 
Table 3.2, line 12 plus Table 3.3, line 13 in SCB, 
March 1984). 

TRN = Total Government Transfer Payments to Per- 
sons in billions of current dollars 1930-83 (Table 3.1, 
line 11 in NIPA, and in SCB, July 1982 and July 
1983 issues; and Table 3.2, line 17 plus Table 3.3, line 
17 in SCB, March 1984). 

GINTN = Total Government Interest Payments to Per- 
sons and Business less Dividends Received by 
Government in billions of current dollars 1930-83 
(Table 3.1, line 13 minus line 16 minus line 18 in 
NIPA, and in SCB, July 1982 and July 1983 issues; 
and Table 3.2, line 20 minus line 23 plus Table 3.3, 
line 18 minus line 21 in SCB, March 1984). 
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REN = Undistributed Corporate Profits (Retained 
Earnings) with Inventory Valuation and Capital Con- 
sumption Adjustments in billions of current dollars 
1930-83 (Table 5.1, line 4 in NIPA, and in SCB, 
July 1982, July 1983, and March 1984 issues). 

DURR = Total Net Stock of Durable Goods Owned by 
Consumers in billions of 1972 dollars beginning of 
period 1930-83 (SCB, March 1979, p. 24, Table 4, 
first col. of data; revisions for 1966-78 and updates 
for 1979-83 were obtained directly from John 
Musgrave of the Bureau of Economic Analysis). 

WNI1 = Total Private National Wealth in Current Prices 
in billions of dollars 1930-46 beginning of period 
(Raymond Goldsmith, 1956, pp. 14-15, Table W-1, 
col. 1 minus col. 9 minus col. 17 minus col. 24). 

WN2 = Total Private National Wealth in Current Prices 
in billions of dollars 1947-59 beginning of period 
(AS, p. 255, Series F422 minus series F429 minus 
series F437 minus series F444). 

WN3 = Total Private Wealth in Current Prices in bil- 
lions of dollars 1960-69 beginning of period (HS, 
p. 252, series F349 minus series F352 minus series 
F361 minus series F364). 

KN = Total Net Stock of Fixed Nonresidential plus 
Residential Private Capital in billions of current dol- 
lars 1930-78 beginning of period (SCB, February 
1981, p. 58, Table 2, first col. of data plus p. 62, Table 
6, second col. of data; updates for 1979-83 were 
obtained directly from John Musgrave, BEA). 

HN = Net Stock of Human Capital in Education and 
Training in billions of current dollars 1930-69 begin- 
ning of year (Kendrick, 1976, pp. 204-05, Table 
B-20, fourth col. of table). 

GBNI = Market Value of Privately Held Total Govern- 
ment Debt in billions of dollars beginning of period 
1930-76 (Seater, 1981, pp. 90-91, Table 1, col. 
labelled MVTOTOG}). 

GBN2 = Market Value of Privately Held Marketable 
Federal Government Debt in billions of dollars be- 
ginning of period 1977-81 (W. Michael Cox and Eric 
Hirschhorn, 1983, p. 268, Table 6, last col. of data). 

GBN3 = Market Value of State and Local Government 
Debt in billions of dollars beginning of period 
1930-76 (Seater, 1981, pp. 92-93, Table 2, col. 
labelled MVSL). 

GBFP1 = Par Value of Privately Held Federal Govern- 
ment Debt in billions of dollars beginning of period 
1930-40 (BMS1, p. 512, Table 149, col. 5, lagged 
average of June numbers through 1935, lagged De- 
cember numbers thereafter). 

GBFP2 = Par Value of Privately Held Federal Govern- 
ment Debt in billions of dollars beginning of period 
1941-61 (BMS2, p. 882, Table 13.4, col. 5, lagged 
December numbers). 

GBFP3 = Par Value of Privately Held Federal Govern- 
ment Debt in billions of dollars beginning of period 
1962-83 (FF, p. 2, line 3 minus p. 16, line 9). 

GBFPSB = Par Value of U.S. Savings Bonds in billions 
of dollars beginning of period 1977-83 (FF, p. 14, 
line 17). 

GBSLP = Par Value of State and Local Government 
Debt in billions of dollars beginning of period 
1977-83 (FF, p. 12, line 14). 
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MPRA = Ratio of Market Value to Par Value of Out- 
standing Public Debt beginning of period 1977-81 
(James Butkiewicz, 1983, pp. 376-79, Appendix table, 
col. labelled Ratio 1, December values from pre- 
ceeding year; for 1982-83, the values of MPRA were 
obtained directly from Butkiewicz). 

MBP = Municipal Bond Price per dollar beginning of 
period 1930-82 (SPSS, 1982, p. 233, Table entitled 
Municipal Bond Price Indexes, December values from 
preceding year; the December 1982 value of MBP 
was obtained from SPSSCS, January 1983, p. 35, last 
row of col. 15). 


The following transformations of the above data were 
used to generate the variables used in our replication, 
updating, and modifications of the Kormendi regres- 
sions. The presentation closely resembles that in 
Kormendi (p. 1008). 


1) PC=(CNDR+CSR+.3X DURR 
+.1X CDR)/POP 
2) Y= NNPR/POP 
3) GS= GSR / POP 
4) TR=TRN/(PNNP x POP) 
5) TX = TXN/(PNNP x POP) 
6) RE= REN/(PNNP x POP) 
7) GINT=GINTN/( PNNP x POP) 
8) W=WN/(.5X PNNP x POP 
+.5X PNNP_, X POP_,) 
where 
WN=WN1+ HN (1930-46); 
= WN2+ HN (1947-59); 
= WN3( WN 21959 / WN31959) + HN 
(1960-69); 
= KN(WNj969/KNig¢9) (1970-83). 


9) GB=GBN/(.5X PNNP x POP 
+.5x PNNP_, X POP_,) 
where 
GBN=GBNI (1930-76); 
= GBN2 + GBFPSB X MPRA 
+ GBSLP X MBP (1977-81); 
= GBFP3 X MPRA + GBSLP 
X MBP (1982-83). 
10) GBF=GBFN/(.5 X PNNP x POP 
+.5X PNNP_, X POP_,) 
where 
GBFN=GBNI1 — GBN3 (1930-76); 
= GBN2 + GBFPSB X MPRA (1977-81); 
= GBFP3 X MPRA (1982-83). 


11) GBSL= GBSLN/(.5X PNNP X POP 
+.5X PNNP_, X POP) 
where 
GBSLN =GBN3 (1930-76); 
=GBSLP X MBP (1977-83), 


12) GBP=GBPN/(.5X PNNP X POP 
+.5X PNNP_,X POP) 
where 
GBPN=GBFPI + GBN3/MBP (1930-40); 
= GBFP2 + GBN3/ MBP (1941-61); 
= GBFP3 + GBN3/ MBP (1962-76); 
= GBFP3 + GBSLP (1977-83). 
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Government Debt, Government Spending and 
Private Sector Behavior: Comment 


By FRANCO MODIGLIANI AND ARLIE STERLING* 


Roger Kormendi (1983) presents appar- 
ently strong evidence that, in contrast to the 
standard view, consumption is not reduced 
by taxes but is reduced by government ex- 
penditure. He interprets his results as sup- 
porting a “consolidated” approach to private 
sector behavior in which consumers effec- 
tively internalize the government budget 
constraint. Specifically, he claims that con- 
sumers regard government spending as the 
true measure of the government’s claim on 
private resources, and so do not respond to 
changes in taxes, given spending. This is 
basically the approach advocated by Robert 
Barro (1974) and known also as the 
Ricardian Equivalence Proposition (hereafter 
REP). 

Kormendi’s results appears to contradict 
other empirical work based on the Life Cycle 
Hypothesis (for example, Martin Feldstein, 
1982; Modigliani 1984a; Sterling, 1985) 
although results similar to his have been 
reported (see David Aschauer, 1985; John 
Seater and Roberto Mariano, 1985 and the 
references in Kormendi). In our view, Kor- 
mendi’s analysis is seriously flawed. His heuris- 
tic derivation of the consumption function 
leads him to a specification of the aggre- 
gate consumption function, which is not 
consistent with the Life Cycle Hypothesis 
(LCH) or with REP, and to questionable 
methods of estimation. Once his conceptual 
and methodological errors are corrected, his 
formulation and, more generally, the REP 
hypothesis are found to receive little em- 
pirical support. 

In the next section we rely on the LCH to 
derive an aggregate consumption function 
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which shows explicitly how government ex- 
penditure and taxes should effect private 
consumption. This derivation helps to bring 
out the observable implications of REP, 
which are shown to be equivalent to a limit- 
ing form of the LCH in which the planning 
horizon is infinite. It also serves to clarify 
the appropriate specification of the variables 
appearing in the consumption function. Next, 
Section II reports our empirical estimates 
and tests. Section III compares our results 
with Kormendi’s. Finally, Section IV reports 
the results of endeavors to improve the 
specification of fiscal variables, notably by 
distinguishing between permanent and tran- 
sitory tax changes. 


I. Government Spending and Taxes in the 
Aggregate Consumption Function 


We begin with the standard model of ag- 
gregate consumption, in which consumption, 
C,, is proportional to the sum of beginning- 
of-period aggregate nonhuman wealth, A, 
and aggregate human wealth: 


(1) 


R g 
G=c| A+ X mY Tate), 
¿=1 


i= 


where Dim (¥,4;— Ts; +)7" equals 
the weighted present value of anticipated 
after-tax labor income and R is the length of 
life. The m, weights equal the proportion of 
consumers present at time ¢ who are ex- 
pected to be alive at time ¢+i; Y,,, repre- 
sents before-tax labor income and T,,; taxes 
on labor income. After-tax income is dis- 
counted at the rate p,and c is the propensity 
to consume. The specification (1) is derived 
in Sterling, It can be shown to hold even if 
one allows for the presence of a bequest 
motive. Olivier Blanchard (1985) analyzes a 


VOL. 76 NO. 5 


similar model in a general equilibrium set- 
ting. 

Equation (1) seems to support the stan- 
dard view that consumption depends only 
on taxes. But the relevant taxes are future as 
well as current ones. As a result, one can 
readily show, by taking into account the 
intertemporal government budget constraint 
that, in general, C will depend on both taxes 
and government expenditure. The govern- 
ment budget constraint can be written as 


(2). T,= E,+1G,_,— D, 


where E, represents government expendi- 
tures on goods and services, rG,_, interest 
payments on beginning-of-period govern- 
ment debt, and D, the current deficit. Using 
(2), the present value of weighted discounted 
taxes can be expressed in terms of govern- 
ment expenditures on goods and services 
and the deficit: 


(3) 3 m,T,,;(1+p) 


i=1 


m,E,,(1+p) * 


ll 
itt. 


R s 
+76, $ m;(1+g) 
i=l ; 


R i-l 


+r% È Dym; (1+) l 
i=] j=1 


R 
= 2 m,D,,(1+p) 
i=l 


mEt)" + sG, 


l 
iM 


R 
= L m,(1— b;)D,. (1+ 6) 
i=l 
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where we have used the identity G,,;= 
G,_,+2Zi.,D,4; and define 


R » 
(4) s; 5r > m(1+p) 7; 
jai 


b= S)4,/m (1+ p)~* 


The coefficients s, measure the present value 
to those living at time ¢ of the stream of 
interest paid by a dollar of debt, where the 
present value is calculated at the personal 
discount rate p and the mortality rate is 
accounted for by the m; factors. The b; 
coefficients measure the same present value, 
but for those alive at the time the debt is 
issued. 

Substituting for taxes in the consumption 
function yields 


R jr- 
(5) c= eas Li mY lla) 
i=1 
R EN o 
— E m En(+e) 
i=l 


R i 
RS L m;(l- bi) D+) 
i=l 


Or, using (2) and letting T,* denote taxes net 
of all transfers, including interest (i.e., T * = 
E,— D,), one finally obtains 


6) aaea, -a64 Ym ilYan Eni 
+= BYE TEDNA l 
-efa -a64 Ym TDA 
-0-WTh -bE )0 


Taxes net of interest appear in (6) be- 
cause, as noted above, the coefficients s; and 
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b, reflect the anticipated taxes due to an 
issue of debt. Thus, that component of taxes 
that is due to interest payments must not be 
included in the explicit tax term, as it is 
already incorporated in the effect of the debt. 

Equation (6) shows that consumption de- 
pends, in general, on a weighted average of 
net taxes and government expenditure on 
goods and services, where the weights (1— b; 
and b,, respectively) sum to one—and that it 
should respond only partially to wealth in 
the form of government debt. There is only 
one limiting case in which only expenditure 
matters while taxes and debt matter not at 
all, namely, if u were equal to r, and the 
planning horizon R were infinite. In this case, 
in fact, m; =1 for all i, and, as can be seen 
from (4), s, and the b; would all be unity. In 
that special case, the consumption function 
reduces to 


(7) C=clA,-G, 


+ È (Yi Ea dtr)‘. 
i=] 


It will be recognized that (7), the limiting 
form of LCH for an infinite planning hori- 
zon, embodies the relevant implications of 
REP; consumption depends on: (i) a mea- 
sure of private net worth which excludes all 
government debt, and (ii) on government 
spending on goods and services, but is un- 
affected by the way that expenditure is 
financed, whether by taxes or by selling debt. 
Nor is this surprising since, in effect to de- 
rive REP, Barro postulates an infinite plan- 
ning horizon for all economic agents, through 


the intermediation of an infinite chain of 


intergenerational bequests. 

However, there are many considerations 
that suggest rejecting the Barro hypothesis of 
an infinite horizon and recognizing that that 
representative household will behave as 


though R is very much finite and not much: 


larger, if at all, than the length of life, as 
suggested by the standard “life horizon” Life 
Cycle Hypothesis (LH-LCH). The relevant 
considerations have been elaborated at length 
by many authors (see, for example, Modig- 
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liani, 1984a,b, and James Tobin, 1980, ch. 
HI). Similarly, there are grounds for hy- 
pothesizing that p may tend to exceed r 
(Fumio Hayashi, 1982). 

These considerations suggest that the 
coefficient of debt, s,, and that of expendi- 
ture, b;, in the consumption function should 
fall well below unity, while that of taxes 
should not be far from unity. Sterling has 
shown that, when the population age distri- 
bution is approximated by an exponential, 
S; varies between 0.6 (for r= u = 0.02) and 
0.2 (for r = 0.02, » = 0.08) for i=1 and that 
it declines monotonically with i, as the 
stream of interest, of which s, is the weighted 
present value, gets shorter. These results im- 
ply that, under the LH-LCH, the liability for 
future interest may offset the value of 
government debt held in private portfolios, 
but to a modest extent at best. Similarly, for 
given taxes, an increased deficit, and hence 
government expenditure, may dampen con- 
sumption because of anticipated future taxes 
to pay interest, but, again, quite moderately 
at best. 

Our conclusions with respect to the role of 
fiscal variables in the consumption function 
can now be summarized as follows:: (i) 
consumption should respond negatively to a 
weighted average of taxes and expenditure; 
(ii) the coefficient of the weighted average 
should equal minus that of income (or, 
equivalently, the coefficients of the income 
and that of the weighted average should add 
up to zero) reflecting the fact that, whether 
consumption depends on taxes or on govern- 
ment expenditure, it must respond dollar 
per dollar to the combination of the two; 
(iii) the weight of taxes should be not far 
from unity, and that of government con- 
sumption much less than unity, whereas 
REP’s infinite planning horizon hypothesis 
would imply the reverse; (iv) the coefficient 
of government debt, given private net worth, 
should be close to zero (and might even be 
somewhat positive, whereas, according to 
REP, it should equal minus that of wealth. 


lif (i) government real interest included in T* is 
subject to great variability, as typically happens during 
period of high and variable inflation; (if) consumption 
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I. Estimates of the Aggregate 
Consumption Function 


The consumption function (6) cannot be 
estimated directly since it is in terms of 
unobservable expectations of future income, 
taxes and expenditure (or deficits). We as- 
sume that the expectations can be modeled 
as a distributed lag of past values of these 
variables. Accordingly, the basic equation 
estimated and used in testing alternative hy- 
pothesis takes the form 


(8) C= at bo A, + 5,G, 


L L 
+ L c(Y, i- Ti) + 2 d;D,_;- 


i=l isl] 


The last two terms of (8) are based on a 
regrouping of the expression in the square 
bracket in the summation term of (6): 


Yat ~ (1 B b) 7,5; z bE, 4; 
= Yi Titi bDi 


where D,,; denotes the budget deficit, E,,.; 
-Týr 

This formulation has the desirable prop- 
erty of insuring that the constraint that the 
tax and expenditure coefficients add up to 
minus the income coefficient, as dictated by 
(6). Since the coefficients d; in (8) corre- 
spond to — b, in (6), while b, in (8) corre- 
sponds to s, in (6), according to the conven- 
tional LCH formulation, both coefficients 
should be close to zero, whereas according to 
the REP/Kormendi hypothesis, the Ld; 
should be close to —Lc,, while b, should be 
close to — bo. 

The explanatory variables appearing in (8) 
have slightly different definitions from the 


depends positively on the permanent real rate and not 
current rate (as is true for the LCH); (iii) the perma- 
nent real rate is approximately constant, say p, then (6) 
might contain an additional term proportional to pG so 
that the coefficient of G is the sum of a positive and a 
negative term, whose sign is uncertain. 
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analogous variables appearing in (6). The 
changes are necessary to accommodate the 
expectations formation mechanism and data 
limitations. Specifically, income and net taxes 
include income from and taxes on capital, 
and are measured, respectively, by net na- 
tional product and all government taxes 
(net of transfers including government net 
domestic interest payments). The deficit 
equals the difference between government 
expenditures on goods and services and net 
taxes. Net interest payments to the domestic 
sector equal the ex post real payments, 
calculated by subtracting the product of the 
actual rate of inflation and the stock of 
net government debt from net interest pay- 
ments.” In order to insure comparability 
with Kormendi, all tests reported here are 
based on annual data. 

The c; and d;, i=1,..., L distributed lag 
coefficients in (8) reflect both the expecta- 
tions formation mechanism and behavioral 
parameters. Sterling has shown how the be- 
havioral coefficients can be estimated di- 
rectly in such a formulation. For the pur- 
poses of this comment we shall interpret 
them as behavioral parameters. In all results 
reported below, the distributed lag coeffi- 
cients are constrained to lie on a first-degree 
polynomial with five lags (including the con- 
temporaneous term). Only the sum of the 
current and lagged coefficients is reported. 

Column 1 of Table 1 reports the results of 
estimating (8) over the 33 postwar years 
1952-84. The results are seen to provide 
solid support for the LCH and unequivocal 
rejection of Kormendi/REP, especially in 
the light of the very close fit (the standard 
error is 0.47 percent of the mean). First, for 
REP the sum of the d, coefficients should be 
negative and equal in magnitude to the sum 
of the income coefficients; for LCH it should 
be close to zero. The actual estimate is not 
very significantly different from zero and 


2See the Data Appendix for a more detailed descrip- 
tion of the data. 

This approximation is justified by the consideration 
that for the United States in the postwar period, infla- 
tion appears to be fairly well forecastable—see Robert 
Barsky (1985). 
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TABLE 1—ESTIMATES OF THE AGGREGATE CONSUMPTION FUNCTION, 1952-842 


Independent 
Variables o 
Constant a —0.38 
(0.06) 
Net Worth (A) by 0.023 
(0.005) 
Government Debt bi 0.073 
(G) (0.024) 
Net National Xa, 0.922 
Product (Y) (9.020) 
Net Taxes (T) Ley; — 0.922 
(0.020) 
Deficit (D) Xd; 0.171 
(0.082) 
Government Ld* - 
Expenditure ( £) 
Transfers (TR) Ei - 
Transitory rh; - 
Taxes (T*) 
SE 0.015 
Log Likelihood 96.33 
* D-W 1.43 


(2° (3)° 4) 
~0.45 ~0.436 —0.436 
(0.12) (0.052) (0.061) 
0.027 0.022 0.022 
(0.005) (0.004) (0.005) 
0.106 0.096 0.096 
(0.033) (0.021) (0.031) 
0.901 0.928 0.931 
(0.041) (0.017) (0.070) 
-0.901 — 0.928 —1.081 
(0.041) (0.017) (0.151) 
0.115 0.187 5 
(0.086) (0.069) 
= Š 0.146 
(0.136) 
0.005 = = 
(0.102) 
z 0.633 0.645 
(0.182) (0.339) 
0.014 0.012 0.013 
98.50 103.44 103.88 
1.73 1.92 1.90 


è Dependent variable: Consumption per capita; shown in thousands of 1972 dollars. 


Standard errors are shown in parentheses. 


>The mean of the dependent variable is 3.21 and its standard deviation is 0.73. 
“In these equations, the coefficients of taxes, Lc.;, are constrained to equal the 


negative of the income coefficients, —Xcj;. 


actually positive. Second, the estimate of by, 
far from being close to — bo, as implied by 
REP, is seen to be positive, which is not 
inconsistent with LCH. The point estimate is 
somewhat high, but the estimate is not very 
precise. 


Ti. Comparison with Kormendi’s Analysis 


The results presented in column 1 of 
Table 1 are drastically different—in fact, 
just about diametrically opposite—to those 
‘reported by Kormendi in his various tests. 
This difference is clearly brought out by a 
comparison of the results of column 1 with 
those reported below, which rely on 
Kormendi’s definition and measurement of 
variables (as nearly as we could match it) 
and on his precise specifications, including 
in particular the use of first differences. The 
only difference consists in the omitting of 
the years previous to 1952 (for which several 
of the series used in col. 1 are not readily 


available). The results of the replication are 


(9) C*¥=0.02 +0.27Y,* +0.02Y,* , +0.014* 
(0.01) (0.07) (0.04) (0.01) 


—0.09G*—0.22E*+0.167,*+0.86TR* 
(0.05) (0.10) (0.12) (0.40) 


R? = 0.72; SE =0.02; D-W=1.7; 
Log Likelihood = 68.08, Sample: 1952-76. 


(The asterisks indicate that Kormendi’s data 
definitions are used.) 

It is readily apparent from a compari- 
son of (9) with Kormendi’s Table 5, that 
the results for the postwar period are sub- 
stantially the same as those obtained 
by Kormendi for the longer period 1931-76 
—the only significant exception being private 
wealth, which is substantially more im- 
portant in his original period. In particular, 
with respect to the variables crucial for our | 
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TABLE 2— ESTIMATES OF THE AGGREGATE CONSUMPTION FUNCTION, 1952-762" 


VOL. 76 NO. 5 
Independent 
Variables (se 
Constant a ~ 0.394 
(0.152) 
Net Worth (A) bo 0.031 
Government Debt b, 0.073 
(G) (0.058) 
Net National Eci 0.896 
Product (Y) (0.028) 
Net Taxes (T) Eca —0.896 
(0.028) 
Deficit (D) Ld, 0.016 
(0.012) 
Government Łd* - 
Expenditure ( £) 
Transfers (TR) Ei, - 
Transitory Lh, - 
Taxes (T*) 
SE 0.015 
Log Likelihood 74.18 
D-W 1.50 


4See Table 1. 


(2° (3)° 4) 6) 
-0148 -0238 -0167 -0121 
(0.222) (0.114) (0127) (0.141) 
0.030 0.031 0.030 0.032 
0.106 0.096 0.096 
(0.063) (0.042) (0.046) (0.051) 
0.835 0.876 0.882 0.763 
(0.055) (0.021) (0.076) (0.046) 
—0.835  —0.876 —0.840  -0.438 
(0.055) (0.021) (0.221) (0.165) 
—0.100 0.109 a z 
(0.132) (0.086) 
= s —0.070  —0.062 
(0.154) (0.132) 
0.013 = ž = 
(0.118) 
i 0.864 0.848 Z 
(0.200) (0.367) 
0.014 0.010 0.010 0.011 
76.44 84.42 86.52 81.95 
1.46 2.26 2.33 2.08 


>The mean of the dependent variable is 2.89 and its standard deviation is 0.50. 


See Table 1. 


tests, one finds that (i) the coefficient of 
taxes, instead of being strongly negative as 
in column 1, is positive (though insignifi- 
cantly so); (ii) government expenditure, in- 
significant in column 1, is negative and rather 
significantly so; (iii) finally, since in (9) 
wealth (A*) excludes government debt, the 
coefficient of that variable should be positive 
for LCH and zero for REP; it is actually 
negative and large—though it is rather im- 
precisely estimated. All of these results are, 
at least qualitatively, consistent with the 
“consolidated” REP hypothesis and incon- 
sistent with LCH. 

But a closer examination of (9) raises some 
serious questions as to the reliability of the 
results and their consistency with REP. To 
begin with, all the income and wealth vari- 
ables have preposterously low coefficients— 
the long-run marginal propensity to con- 
sume with respect to income is less than 
.3(!), compared with an average propensity 
of over .9 and a customary estimate of the 
marginal propensity .7 to .9. Similarly, the 
wealth effect is but a fraction of the usual 
estimates and not even significant. Since none 
of the remaining fiscal variables are particu- 


larly significant, it is not surprising to find 
that the equation has quite a large standard 
error as compared with that of column 1 (or 
to others reported in Table 2 for the same 
period as (9)). 

Looking more specifically at the fiscal 
variables, the first highly disquieting feature 
of (9) is that the coefficients completely fail 
to meet the consistency requirement that the 
sum of the coefficients of taxes and expendi- 
ture approximately match in magnitude that 
of income. Indeed, Kormendi’s T and E 
coefficients add up to but —.06 compared 
with an already very low income coefficient 
of .29. Thus, according to (9), consumption 
weakly responds to income, and, in addition, 
responds even less to the loss of resources 
through a balanced-budget increase in taxes 
and government use of resources. Hence, an 
increased government use of resources would 
have to result in a large loss of net capital 
formation—clearly not what the REP model 
implies. 

But what is most incongruous about equa- 
tion (9) and other Kormendi results is the 
huge and even quite significant coefficient of 
transfer payments, TR*. Clearly, transfer 
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payments are part of net taxes, and by the 
REP hypothesis net taxes must have a near 
zero coefficient. Kormendi’s explanation in 
terms of people hit by positive taxes not 
responding at all to the resulting loss 
of income (or even responding positively 
according to (9)), while people hit by nega- 
tive taxes respond by a huge rise in con- 
sumption, is not only totally unconvincing 
but in addition, if true, would be as anti-REP 
a finding as one may conceive: it implies 
that those who receive a deficit-financed rise 
in transfer consume it merrily, thinking 
nothing of the effect on future generations, 
while all the rest equally fail to respond by 
cutting their consumption—with the result 
that the fall in net taxes would result in a 
rise in consumption, even though govern- 
ment expenditure were constant. 

What accounts for the striking dif- 
ferences between the results of Kormendi 
and those reported in column 1? We can first 
investigate one obvious possibility, namely 
the difference in periods. Indeed, column 1 
includes 8 years in addition to the 25 used in 
(9), and these years were characterized by 
extreme values of the deficit, not to mention 
variables like interest rates or inflation that 
could affect results. However, in Table 2, 
column 1 shows that estimating the basic 
equation (8) for the shorter period 1952-76, 
yields results very close to those of Table 1. 
None of the coefficients change significantly 
and, in particular, the coefficient of the def- 
icit remains insignificantly different from 
zero. 

We propose to show that the differences 
between (9) and the estimates of Table 1 are 
traceable in part to several errors in Kor- 
mendi’s construction of the data and, to a 
much greater extent, to serious misspecifica- 
tions of his equations. 

There are three major flaws in Kormendi’s 
data construction. First, he incorrectly de- 
flates government expenditures, taxes, and 
transfers by a price index based on goods 
purchased by the government (in the case of 
government expenditures) or by the implicit 
price deflator for net national product. The 
correct price index, which gives the value of 
government spending, taxes, and transfers in 
terms of consumption goods, should be based 
on an appropriate consumption basket. Sec- 
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ond, Kormendi creates his own measure of 
the service-flow measure of consumption, but 
does not use the analogous price index. (We 
use the service-flow measure of consumption 
developed by the Federal Reserve to support 
their quarterly econometric model.) Third, 
Kormendi uses an incorrect measure of real 
government interest payments. The correct 
measure should be based on the product 
of the real interest rate and the stock of 
debt; Kormendi instead deflates the reported 
nominal interest payments by the net na- 
tional product price index. His procedure 
does not correct for change in real debt due 
to inflation (which corresponds also to the 
inflation premium built into the government’s 
interest payments when Fisher’s Law holds). 
The relevance of this correction for account- 
ing purposes is pointed out by Stanley 
Fischer and Modigliani (1978); Modigliani, 
Tullio Jappelli, and Marco Pagano (1985) 
analyze its behavioral significance. (Our cor- 
rection to the government’s interest pay- 
ments is based on the ex post interest rate.) 
The role of these measurement errors can 
be assessed by comparing our (Kormendi’s) 
equation (9) with the equation below which 
uses corrected data, but is identical to (9) in 
terms of specifications and sample period. 


(9%) AC =0.02+0.24Y, +0.11Y,_,+0.014, 
(0.01) (0.08) (0.05) (0.01) 


+0.05G,—0.04E,—0.00T +0.77TR, 
(0.09) (0.14) (0.11) (0.27) 


R? = 0.74; SE = 0.019; 
D-W = 2.06; Log Likelihood = 66.2. 


(Note: A includes government debt.) 

Equation (9’) shares with (9) the char- 
acteristic of little credibility—in particular, 
the coefficient of wealth and that of income 
remain unbelievably low, and the standard 
error is hardly smaller. However, with re- 
spect to the fiscal variables, even the limited 
support for REP that (9) appears to provide _ 
vanishes: the coefficient of debt becomes 
positive, though even less reliably estimated, 
and the coefficient of expenditure is essen- 
tially zero. 

The remaining drastic difference between 
(9’) and Table 2, column 1, must clearly 
result from the unsatisfactory specification 
underlying Kormendi’s tests. In the first 
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place, once it is realized that the flow vari- 
ables appearing on the right-hand side of (8) 
represent basically very long-run expecta- 
tions, it becomes clear that it is entirely 
unsatisfactory to approximate these expecta- 
tions just by the current value (or, at most, 
for income, current and lagged once); what 
is needed, at the very least, are reasonably 
long distributed lags. This conjecture is fully 
confirmed by the empirical evidence which 
also suggested five years as an adequate ap- 
proximation. 

A second shortcoming of Kormendi’s 
specification is that he fails to impose the 
consistency condition requiring that the 
coefficients of taxes expenditure and income 
add up to zero. A final and more consequen- 
tial shortcoming is that he chooses to esti- 
mate coefficients in the first difference form, 
a rather arbitrary procedure since, when he 
estimated an autoregression coefficient, its 
value, though fairly high (as Kormendi re- 
ports in his Table 1), is significantly below 
unity. But, in addition, the high autoregres- 
sion coefficient he obtains is largely a pre- 
dictable consequence of his failure to allow 
for sufficiently long distributed lags. With a 
five-year distributed lag, we find uniformly 
that D-W statistics are above the critical 
level; accordingly, all equations reported in 
Tables 1 and 2 have been estimated in level 
form by ordinary least squares (OLS).* 
These estimates were also checked using an 
instrumental variables procedure, but the re- 
sults were not noticeably different from the 
OLS estimates and are therefore not re- 
ported separately.’ 

Replacing Kormendi’s specification with 
ours not only reduces drastically the serial 
correlation of the errors, but, in addition, 
produces a substantial improvement in fit 
—the standard error of Kormendi’s (9) is 
about 1/3 larger that those of Tables 1 and 


*In every case where the D-W statistic approached 
the critical level we reestimated the equation using an 
autoregressive transformation; the autoregression coeffi- 
cient was never significantly different from zero even at 
the 5 percent level, and the estimated coefficients were 
not appreciably different from those reported in the 
table. 

SLagged income and government expenditures were 
used as instruments for income and the deficit, while 
wealth and debt were treated as exogenous. 
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2. Note that the improvement occurs even 
though Kormendi’s equation includes, and 
ours excludes, the questionable variable 
transfer payments which is seen to contrib- 
ute to his fit more than any other variable. 
But, as can be seen from columns 2 in Tables 
1 and 2, our qualms about the role of this 
variable were justified: indeed, when transfer 
payments are added to the properly specified 
equations of both columns 1, the contribu- 
tion of this variable, measured by the sum of 
the lagged coefficients, is essentially zero, 
implying that the effect of transfer payments 
on consumption is the same as that of any 
other component of net taxes. Finally, the 
coefficients of the traditional variables are 
reasonable and credible. We suggest, there- 
fore, that Kormendi’s results, and conclu- 
sions based thereon, can be dismissed 
without further ado.® 


IV. Suggested Improvements in the 
Specification of Fiscal Variables 


We would like to suggest some possible 
improvements in the specification of our 
equations of columns 1, Tables 1 and 2. That 


SBarro has pointed out (in private communication) 
that, in-some cases, the coefficients on taxes in the . 
consumption function may reflect their predictive power 
for future government spending, This would be the case 
if, as Barro has postulated (1979, 1984, 1985), the 
government attempts to smooth tax rates to reflect 
long-term government spending rather than transitory 
expenditures. If taxes are indeed better predictors of 
government spending then are past spending, the REP 
implies they should be negatively correlated with con- 
sumption. (Note that, as Modigliani, 1984b, points out, 
tax smoothing is not an implication unique to the REP.) 
This “tax smoothing” effect appears to play no signifi- 
cant role in our analysis. We tested the predictive power 
of lagged taxes for government expenditure by estimat- 
ing a regression of government expenditure on goods 
and services on lagged (four years) expenditures and 
various measures of net taxes (taxes net of transfers, 
taxes net of transfers and government real interest 
payments, permanent net taxes and permanent taxes net 
of transfers and real interest). In no case did the tax 
measure contribute significantly to the explanatory 
power of the regression. The largest value of the test 
statistic for the restriction that taxes played no role in 
the forecasting equation was 4.63; the critical value at 
the 5 percent confidence level is 9.49. Lagged expendi- 
ture alone “explains” more than 98 percent of the 
variation in government expenditures on goods and 
services over the 1953-84 period. i 
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specification imposes the constraint that the 
sum of the coefficients of taxes expenditure 
and income be equal to zero at each of the 
five lags. This is unnecessarily restrictive; 
indeed, the shape of the distributed lags are 
intended to reflect the expectation formation 
mechanism, and there is no reason why this 
mechanism should be identical across differ- 
ent variables. This consideration is especially 
relevant with respect to taxes, since, as 
pointed out by Modigliani and Charles 
Steindel (1977), changes in the tax rate com- 
ponent of tax receipts are, typically, of a 
permanent nature. The above constraint can 
be readily eliminated by estimating separate 
distributed lags for income and each of the 
two fiscal variables. This procedure will, of 
course, also eliminate the valid “consistency” 
restriction that the overall sum of the coeffi- 
cients, over all variables and lags, be close to 
zero. But, precisely for this reason, uncon- 
strained estimation provides an opportunity 
to test whether the “consistency specifica- 
tion” is supported by the data. 

A second shortcoming of the specification 
relates to the measurement of taxes. It is 
apparent from equation (6) that the income, 
tax, and expenditure terms in (8) are all 
meant to measure the average value 
(weighted for time and survival rates) of 
these variables expected by those currently 
living. This poses a problem when current 
and past values cannot be taken as repre- 
sentative of the future. A clear instance of 
nonrepresentativeness is the well-known case 
of tax changes which are announced, and 
presumably believed, to be but transitory. In 
the period covered by our sample there have 
been two important cases of transitory tax 
changes—one is the surtax of 1968-70, and 
the other the 1975 rebates. One can also 
conceive of significant transitory government 
expenditures (for example, major wars), but 
no important instance appears to have oc- 
curred during our sample period. 

Since transitory tax changes should add 
relatively little to the present value of the 
weighted future tax liabilities, their effect on 
consumption should be much closer to zero 
than the permanent tax effect. To test this 
hypothesis, and hopefully reduce the unex- 
plained error, one can continue to use the 
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total tax variables of columns 1 and 2 in 
Table 1, but add the transitory tax compo- 
nent as a separate variable: the coefficient of 
this variable (#;) will then measure the dif- 
ferential effect on consumption of transitory 
vs. permanent taxes. 

The role of transitory taxes is tested for 
the entire period in columns 3 and 4 of 
Table 1, using the approach described above. 
In column 3, in order to focus on transitory 
taxes, we maintain the constraint on the sum 
of income, expenditures, and (permanent) 
tax coefficients. It is seen that the effect on 
consumption of temporary taxes is much less 
negative than that of permanent taxes—the 
estimated difference is 63¢ per dollar of taxes, 
and it is highly significant, resulting also in a 
striking improvement in fit and reduction in 
serial correlation of the residuals. This esti- 
mate implies a marginal effect of temporary 
taxes on consumption of only —.48 (with a 
standard error .2), and even this figure prob- 
ably overestimates the negative effect, given 
that the point estimate of the effect of per- 
manent taxes appears upward biassed (larger 
than —1). In column 4, we have, in addi- 
tion, eliminated the “consistency” restric- 
tion, estimating separately coefficients for 
before tax income (Le,;), net taxes (Le,,), 
and government expenditure (Ld,), as well 
as for transitory taxes (Xh,). 

It is apparent that the unrestricted coeffi- 
cients of column 4 of Table 1 come very 
close to satisfying the consistency require- 
ment, as the sum of the (permanent) tax and 
expenditure coefficients offset about exactly 
that of before tax income. Accordingly, as 
shown by a comparison of the likelihood 
statistic for columns 3 and 4, the restriction 
imposed in column 3 cannot be rejected at 
any reasonable level of significance. The only 
problem with the results of column 4 is that, 
in common with those of columns 1 through 
3, they tend to give an unreasonably high 
point estimate of the effect of permanent 
taxes, matched by an equally questionable 
positive effect of government expenditure 
on consumption. However, this may be 
accounted for by imprecision of the esti- 
mates, as measured by their standard error. 
In particular, the tax coefficient differs from 
the income coefficient by but one standard 
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error and the same is true of the difference 
of the expenditure coefficient from zero. 

For the sake of completeness, the test of 
columns 3 and 4 of Table 1 are reported for 
the shorter period in Table 2. The estimate 
of the temporary tax effect for this period 
must be regarded as less reliable because 
only a portion of the experience of the 1975 
tax rebate is reflected in the data. Nonethe- 
less, the estimates are seen to confirm that 
the effect of transitory taxes on consumption 
is a great deal smaller than that of perma- 
nent taxes. Furthermore, the difference (even 
greater than in cols. 3 and 4) is highly signifi- 
cant, resulting, again, in a considerable 
improvement in fit. In Table 2, column 4 
confirms again that the constraint imposed 
on column 3 is not rejected by the data—in- 
deed, the coefficients of column 3 are all very 
similar to those of column 2. It is also 
encouraging that the permanent tax coeffi- 
cient is of very reasonable magnitude both 
absolutely and relative to that of income, 
and that the coefficient of expenditure has 
the expected negative sign, though small, as 
implied by LCH. 

Column 5 of Table 2 reports one more 
result which we find instructive. The coeffi- 
cients in this column are estimated without 
constraint but also omitting the temporary 
taxes. It appears that failing to allow for the 
much smaller impact of transitory taxes, 
seriously biases up (i.e., towards zero) the 
coefficient of the tax variable. As a result, 
the sum of the coefficients of taxes and ex- 
penditure is but —.5, compared with an 
income coefficient of .76. It is not unlikely 
that failure to allow for transitory taxes may 
be one of the reasons why Kormendi could 
not find a negative effect of taxes on con- 
sumption and obtained coefficients which 
completely fail to meet the consistency test. 

There is one more empirical result that we 
feel compelled to report. It was shown in 
Tables 1 and 2, columns 2, that transfer 
payments, when added as an additional vari- 
able, receive a coefficient near zero. Yet, 
when transfer payments are added to col- 
umn 3 of Table 1—which separates transi- 
tory from permanent taxes—the effect is 
truly devastating: the coefficient of transfers 


is .54 with f-ratio of 5(!); since this variable 
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is already included in income minus net 
taxes (coefficient .77) and the deficit (coeffi- 
cient .23), the total implied effect of transfers 
comes to 1.54. For the short period, the 
results are about as incredible, as the total 
effect of transfers is 1.36 with a t-ratio of 
2.5. In addition, the estimated differential 
effect on consumption of transitory vs. per- 
manent taxes rises in Table 1, column 3, 
from .63 to 1.4; since the effect of permanent 
taxes implicit in the coefficient of income 
and deficit is 1.0 (already rather unreason- 
ably large), the effect on consumption of 
temporary taxes would be 0.4; that is, a 
dollar of temporary taxes would increase 
consumption by 40¢. One further surprise is 
that the residuals exhibit a marked negatiye 
serial correlation, a rather suspicious finding 
for these kind of time-series regressions. 

One explanation for the significance of 
transfers in the consumption function is that 
they may provide a reliable signal of one 
component of permanent income. In particu- 
lar, Social Security and other transfers to the 
elderly may be more certain than labor in- 
come, which may be reduced or eliminated 
by unexpected retirement. That informa- 
tional role may be enhanced in economic 
downturns, which could account for the 
peculiar interaction with temporary taxes. 
Nevertheless, we found no substantial im- 
provement in the results when transfers were 
replaced by social security payments. 

On the whole, these results appear so pre- 
posterous that, in our view, they should be 
disregarded—although they also appear so 
unlikely to reflect pure chance that they de- 
serve to be filed under agenda for the future. 


V. Conclusions 


We have derived an aggregate consump- 
tion function based on the life cycle para- 
digm and have shown that it implies that 
consumption should be affected both by taxes 
and by government expenditure and by 
private claims on the government as well as 
the wealth. It was shown that the relative 
significance of taxes and government ex- 
penditure in the consumption function re- 
flects mortality rates, the length of life, and 
both the personal discount rate and interest 
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TABLE 3— DATA USED IN THE REGRESSIONS? 

Year C A G Y TR T E D T* 

1949 2.09830 10.24789 2.54671 2.94840 0.14645 0.48932 0.47835 — 0.01097 0.00000 
1950 2.16033 10.31647 2.56432 3.13978 0.17216 0.72363 0.45953 — 0.26410 0.00000 
1951 2.20120 10.45613 2.26725 3.31530 0.12779 0.89179 0.65505 — 0.23674 0.00000 
1952 2.24048 10.88833 2.12983 3.31906 0.12572 0.82212 0.78714 — 0.03498 0.00000 
1953 2.27847 10.94125 2.12317 3.37896 0.13028 0.81541 0.83085 0.01544 0.00000 
1954 2.29297 10.94416 2.15840 3.25165 0.14768 0.70030 0.73847 0.03817 0.00000 
1955 2.36421 11.54037 2.15594 3.44293 0.15272 0.79534 0.70773 — 0.08761 0.00000 
1956 2.42094 12.16621 2.08327 3.47656 0.15750 0.84806 0.72193 — 0.12613 0.00000 
1957 2.44090 12.25389 1.98322 3.48123 0.17389 0.83292 0.75576 —0.07716 0.00000 
1958 2.45015 12.09346 1.95084 3.39446 0.20396 0.73773 0.79536 0.05764 0.00000 
1959 2.50200 12.98754 2.00864 3.56677 0.20311 0.84357 0.78826 —0.05531 0.00000 
1960 2.53064 13.33399 1.96582 3.56636 0.20892 0.87105 0.77912 — 0.09193 0.00000 
1961 2.55696 13.22858 1.93199 3.57854 0.23107 0.82274 0.81353 — 0.00921 0.00000 
1962 2.60643 13.93548 1.95742 3.76567 0.23059 0.89504 0.86360 — 0.03144 0.00000 
1963 2.65242 13.59904 1.94225 3.86097 0.23651 0.93752 0.87738 — 0.06014 0.00000 
1964 2.74833 14.24857 1.90374 4.02640 0.23926 0.92876 0.89661 — 0.03215 0.00000 
1965 2.84715 15.05566 1.89709 4.23856 0.25113 1.00115 0.92685 — 0.07431 0.00000 
1966 2.95633 15.37331 1.85059 4.43978 0.26568 1.10352 1.01637 — 0.08716 0.00000 
1967 3.03115 14.80681 1.81809 4.51820 0.30450 1.09996 1.11343 0.01347 0.00000 
1968 3.14352 15.45900 1.84912 4,10265 0.33124 1.23030 1.17176 — 0.05854 0.05166 
1969 3.24328 16.28678 1.81697 4.80729 0.34923 1.33364 1.16609 —0.16755 0.06845 
1970 3.31416 15.64229 1.74252 4.75079 0.39903 1.21346 1.16140 —0.05206 0.04359 
1971 3.36932 15.80857 1.79200 4.90640 0.45008 1.17574 1.18371 0.00797 0.00000 
1972 3.49398 16.42354 1.86056 5.14208 0.47539 1.29634 1.21862 —0.07772 0.00000 
1973 3.59773 17.64463 1.82951 5.38611 0.50738 1.41186 1.22128  —0.19058 0.00000 
1974 3.61446 17.10263 1.67637 5.21342 0.54295 1.40182 1.23742 -0.16441 0.00000 
1975 3.67342 16.26371 1.64065 5.16574 0.63499 1.15164 1.28036 0.12872 -—0,06880 
1976 3.80017 17.63173 1.86191 5.44617 0.65774 1.24486 1.29434 0.04948 0.00000 
1977 3.92910 18.68652 1.94918 5.72281 0.66191 1.38205 1.32615 — 0.05590 0.00000 
1978 4.05878 18.82615 1.97971 5.93879 9.65673 1.52707 1.34803 — 0.17904 0.00000 
1979 4.15649 19.90689 1.85136 5.97227 0.66265 1.55996 1.34092 -0.21904 0.00000 
1980 4,19528 19.94764 1.72724 5.77520 0.70522 1.45075 1.35888 — 0.09187 0.00000 
1981 4.23351 20.73876 1.71721 5.87696 0.72533 1.40111 1.37129 —0.02981 0.00000 
1982 4,26121 20.65688 1.77052 5.66342 0.75579 1.21792 1.44791 0.23000 0.00000 
1983 4.36233 21.23510 2.06152 5.83235 0.77590 1.22102 1.45229 0.23127 0.00000 
1984 4.49736 21.91946 2.29538 6.15170 0.75358 1.31457 1.44690 0.13233 0.00000 


aAll data are in real thousands of 1972 dollars per capita terms. 


rate, but that as long as the representative 
planning horizon does not extend signifi- 
cantly beyond life, the role of taxes could be 
expected to be substantially larger than that 
of expenditure and the role of debt close to 
that of other wealth. 

We have endeavored to show that Kor- 
mendi’s contrary empirical findings—that 
consumption does not respond to taxes 
but only to government expenditure—are 
the result of errors in the measurement of 
variables and, to a greater extent, the conse- 
quence of serious misspecifications of his 
test equations. Specifically, Kormendi fails 


to allow for the relatively long lags required 
to approximate permanent income, or to dis- 
tinguish between permanent and temporary 
tax effects and relies on an inefficient method 
of estimation. 

We have provided evidence that, once 
Kormendi’s measurement errors and mis- 
specifications are corrected, the data for the 
United States in the postwar period are 
strikingly and unmistakenly consistent with 
a “Life Horizon”-Life Cycle approach to 
consumption behavior and equally incon- 
sistent with the infinite horizon-REP formu- 
lation. 
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DATA APPENDIX 


The data used in this paper are from the Federal 
Reserve data bank. A detailed specification of the data 
is available in documentation accompanying the Federal 
Reserve data tapes. All data are per capita and ex- 
pressed in thousands of 1972 dollars. 

Consumption: The sum of expenditures on nondurable 
goods and services plus a fraction of expenditures or 
durables and a measure of the flow of services from 
the stock of consumer durables. 

Price Index: A consumer price index based on prices of 
nondurables, services and durable goods weighted 
according to their proportions of consumption. 

Income: Net national product. 

Taxes: Total federal plus state and local taxes (includ- 
ing employer’s contribution to social security), net of 
transfers and real interest payments. Real interest 
payments are calculated by subtracting the product of 
the rate of inflation and the beginning-of-period 
government debt from actual total government (in- 
cluding the Federal Reserve) net interest payments. 
Our estimate of temporary taxes is taken from the 
Economic Reports to the President of 1969 and 1975. 

Government Expenditures: Federal and state and local 
expenditures on goods and services. 

Wealth: Net worth of households. 

Debt: The sum of federal and state and local net 
financial liabilities. 

The data used in the regressions are reported in 
Table 3. 
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Government Debt, Government Spending, and 
Private Sector Behavior: Reply 


By ROGER C. KORMENDI AND PHILIP MEGUIRE* 


The effects of fiscal policy on private sec- 
tor behavior has long been an important and 
controversial issue in macroeconomics. That 
this is still the case is attested to by the 
length and content of the comments by James 
Barth, George Iden, and Frank Russek 
(BIR), and by Franco Modigliani and Arlie 
Sterling. We address these comments in turn. 


I. Barth, Iden, and Russek 


Barth et al. make two significant contribu- 
tions. First, they undertake a replication of 
Kormendi’s (1983) variables and estimates. 
We especially admire their meticulous recon- 
struction from original sources of Kor- 
mendi’s data set. Although they find some 
minor errors in his data, they are able to 
replicate his results quite closely (Table 1, 
BIR) and show that his results continue to 
hold when the years 1977-83 are added to 
the sample (Table 2, BIR). Such painstaking 
replication, too infrequent in economics, 


should be encouraged in any scientific disci- ` 


pline. 

Second, Barth et al. explore whether 
Kormendi’s results favoring what he termed 
the “Consolidated Approach” to the analy- 
sis of the government and private sectors, 
are robust to 1) disaggregating government 
debt into its federal and state and local 
components; 2) valuing government debt at 
par instead of market; and 3) varying the 
sample period. Taken one at a time, these 
explorations support the Consolidated Ap- 
proach. For certain postwar subperiods, 
however, Barth et al. do find that specifica- 
tions incorporating either 1) or 2), occasion- 
ally yield coefficients not predicted by the 
Consolidated Approach. They do not claim 
too much for these problematic results, but 
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suggest that their results do indicate direc- 
tions for further research. 

We propose to interpret BIR’s results 
somewhat differently. In particular, when 
testing whether a given specification is sensi- 
tive to alternative choices of explanatory 
variables or sample periods, one should nest 
the specifications derived under both the null 
(benchmark) and the alternative hypotheses 
into a general specification and then test 
whether the null is rejected. While Barth 
et al. do not generally undertake such tests, 
they do report the summary statistics needed 
to compute them. Table 1 presents the 
summary and test statistics implied by a 
pertinent subset of BIR’s regressions. In all 
cases, the benchmark regression is (7) from 
BIR’s Table 2 in Kormendi’s “augmented” 
Consolidated Approach specification esti- 
mated over the entire 1931-83 period.’ For 
this benchmark and each of the five alterna- 
tives, we report the standard error of the 
regression (SER), the degrees of freedom 
(DOF), and the implied sum of squared 
residuals (SSR), calculated as DOF X SER’. 
The columns 8 and 9 present the F (Chow) 
statistics, along with their marginal sig- 
nificance levels (MSLs), for testing the 
benchmark against the alternatives. In all 
cases, the tests fail to reject the consolidated 
benchmark at standard significance levels. 

The only subperiod analyzed in Table 1 is 
1947-83 (or the closest reported alternative), 
while Barth etal. report estimates drawn 
from a number of other postwar subperiods. 
For any given significance level, the prob- 
ability of falsely rejecting the null (the 
benchmark applied to the entire sample) 
increases with the number of subperiods 
explored. Hence formal inferences can be 
drawn only from regressions estimated over 


1Using (6) from this table instead of (7) would not 
materially alter the conclusions that follow. 
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TABLE.1— F-TESTS OF BENCHMARK CONSOLIDATED SPECIFICATION AGAINST ALTERNATIVES 
SUGGESTED BY BARTH ET AL. 














F Numerator Marginal 

Equation Sample Federal/ Par- (Chow) Degreesof Significance 
in BIR  . Period State and Local? Market? SER DOF SSR Statistic Freedom Level 
a) 2) 6) (4) (6) (7) (8) (9) (10) 
Benchmark 

7 ` 1931-83 No No 0.0213 43 0.0195 - - ~ 
Alternatives 
17 1947-83 No No 0.0207 27 0.0116 1.1 16 0.40 
10 1931-83 Yes No 0.0215 42 0.0194 0.2 1 0.66 
19 1947-83 Yes No 0.0185 26 0.0089 1.8 17 0.09 
43 1931-83 No” Yes 0.0212 42 0.0189 13 1 0.26 
45 ` 1949-83 ` No Yes 0.0194 24 0.0090 1.5 19 0.17 





Notes: Col. 5: SER is the standard error of the regression identified in col. 1; col. 6: DOF is the degrees of 
freedom of this regression (also the denominator degrees of freedom for the F (Chow) statistic); col. 7; SSR = DOF 
X SSR?. A “Yes” in col. 3 means that total government debt has been disaggregated into its Federal and State and 
Local components; a “Yes” in col. 4 -means that a variable measuring the difference between market and par 
valuation of total government debt has been added to the regression. 


subperiods that are well-motivated a priori, 
such as 1947-83 which separates World 
War II and the Great Depression from the 
remainder of the sample. This has guided 
our choice of regressions from among the 
many reported by Barth et al. In view of the 
MSLs reported in Table 1, we find BIR’s re- 
sults to be supportive of the Consolidated 
Approach.” 


H. Modigliani and Sterling 


Modigliani and Sterling “rely on the Life 
Cycle Hypothesis” (LCH) to derive an em- 
pirical consumption relation which they 
claim admits the Ricardian Equivalence 
Proposition (REP) as a limiting case. We 
show that their LCH specification embodies 
implicit untested restrictions that prevent 
them from nesting the competing hypotheses 
of interest. Releasing these LCH restrictions 
produces a nested specification similar to the 
one set out in Kormendi (1983). Estimating 
this nested specification over both Modig- 
liani and Sterling’s data and our own rejects 
the restrictions implied by their formulation. 


?Even regressions with problematic coefficients for 
federal vs. state and local debt or par vs. market value 
of debt typically have coefficients for taxes and govern- 
ment spending that support the Consolidated Ap- 
proach. 5 


Modigliani and Sterling’s use of distributed 
lags and undifferenced data to estimate their 
empirical model is also questionable in view 
of the nonstationarity typical of macroeco- 
nomic time-series data. To address this point, 
we extend the sample back to 1929 and find 
that both the restrictions and the coefficient 
homogeneity of Modigliani and Sterling’s 
LCH specification are rejected, whereas those 
of the consolidated specification are not. 


A. A General Specification for Nesting 
the LCH and Consolidated Approaches 


One of the main contributions of 
Kormendi (1983) was to show how to test 
what he termed the standard and consoli- 
dated approaches as special cases of a gen- 
eral specification. Modigliani and Sterling’s 
LCH and the Consolidated Approach can be 
nested in a similar manner. First, express the 
government deficit, D, in terms of the 
government budget constraint to obtain’ 


(1) D=E+T7R+RGINT-TX. 


3Following the notation of Modigliani and Sterling 
where possible, E denotes government spending, TX 
gross taxes, TR transfer payments, and RGINT real 
interest payments on government debt, i.e., the interest 
on government debt net of any inflationary capital gains 
or losses. 
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Substituting (1) and the definition of Net 
Taxes T=TX-— TR — RGINT into Modig- 
liani and Sterling’s equation (8) yields‘ 


(2) C=a+b)A,+b,G,4+¢(L)Y, 
+o (L)E,+c(L)TX, 
+c,(L)RGINT,+c,(L)TR, +e, 


It is important to note that two sets of 
restrictions have now been released—those 
implied by what Modigliani-Sterling term 
the “Consistency Conditions,” and those im- 
plied by their concept of Net Taxes. By 
releasing these restrictions and allowing each 
lag polynomial c,(L) to be independently 
estimated, we derive the nested specification 
for testing the restrictions implicit in their 
formulation. Under their LCH, c,(L)=0, 
and the Consistency Conditions require that 
oy(L) = — ¢,(L) = c4(L) = ¢5(L) > 0. Un- 
der the Consolidated Approach, c,(L)= 
c4(L)=0 is the key null hypothesis, and 
c,(L) <0 would also hold if government 
spending is either a substitute for private 
consumption or is dissipative.> 

Difficulties with Modigliani and Sterling’s 
restrictions arise from two sources. The first 
concerns their transition from their theoreti- 
cal equation (6), which is in terms of ex- 
pected future values, to their empirical 
specification (8), which is in terms of a dis- 
tributed lag on realized past values. From 
Thomas Sargent (1979) and others, we know 
that distributed lag coefficients will reflect 
the time-series properties of the explanatory 
variables (through the expectations forma- 
tion process), as well as the coefficients of 
the expected future values.° Therefore, Con- 


4¥ollowing Modigliani-Sterling, C denotes consump- 
tion, A private wealth, G government debt. Y income, 
and ¢,(L) = cjg + eg lh + +++ + cL". 

5If government spending consisted mostly of invest- 
ment, then c,(L) =0 could obtain under the Consoli- 
dated Approach as well. Hence the Consolidated Ap- 
proach in no way requires that o(L)=~—c,(L) as 
Modigliani and Sterling allege. 

®David Aschauer (1985), in the context of a deriva- 
tion similar to Modigliani-Sterling, contains a clear 
discussion of these points, along with empirical results 
incorporating them. 
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sistency Conditions appropriate for a model 
stated in terms of expected future values will 
not generally apply to the coefficients of the 
analogous distributed lag model. Second, 
Modigliani and Sterling’s formulation does 
not allow government spending to substitute 
directly for either private consumption or 
investment, nor does it allow transfers to 
have redistributive consequences for private 
consumption. If their theoretical develop- 
ment were extended to incorporate these 
effects, the Consistency Conditions would 
not hold even for a model stated in terms of 
expected future values. 

The main difference between (2) above 
and (6) in Kormendi (1983) is that the former 
is a (polynomial) distributed lag in the levels 
of the (flow) variables, while the latter dif- 
ferences all variables and contains (almost) 
no lags. The issue of specification in lev- 
els vs. differences is of fundamental impor- 
tance in analyzing macroeconomic time- 
series. C. W. J. Granger and Paul Newbold’s 
(1974) classic paper shows that failure to 
difference nonstationary time-series data can 
produce spuriously large and significant re- 
gression coefficients.’ Charles Plosser and 
G. William Schwert (1977), on the other 
hand, show that overdifferencing mainly re- 
duces estimation efficiency. Finally, Robert 
Hall (1978) shows that on theoretical grounds 
one should expect consumption to be non- 
stationary. For these reasons, and because 
his empirical diagnostics showed strong evi- 
dence of nonstationarity, Kormendi chose 
first differences as his main specification. 
Kormendi also discussed the appropriate role 
of lags as reflecting expected future values of 
explanatory variables, implementing them in 
his equation (5) and in the results reported 
in his Table 3.8 He could not reject, how- 


TN. Gregory Mankiw and Matthew Shapiro (1985) 
show that consumption will reveal a spurious “excess 
sensitivity” to income if consumption and income are in 
fact nonstationary and the consumption relation is in- 
appropriately estimated over levels data. See also 
Kormendi and Laura LaHaye (1986) for a related dis- 
cussion and empirical evidence drawn from 30 coun- 
tries. 

His formulation was based on Hall and Sargent 
(1978), and is also related to Aschauer. 
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ever, the hypothesis that the coefficiencts of 
lagged variables were zero. 


B. Nested Tests of the LCH vs. 
the Consolidated Approach 


In order to focus on their implicit LCH 
restrictions, we temporarily set aside the 
problem of nonstationarity and grant Mo- 
digliani-Sterling their specification of poly- 
nomial distributed lags over levels (PDL/ 
levels), as well as their variable definitions.’ 
Table 2 contains an estimate of (2) using 
exactly Modigliani-Sterling’s data, and 
should be compared with their Table 1, col- 
umn 1.!° Note first that the lag sums for the 
components of Net Taxes (TX, TR, and 
RGINT) differ radically from each other 
and from that of income (Y). In particular, 
the lag sum for TX, while negative, is small 
and not significantly different from 0. More- 
over, all of the negative effect of taxes on 


° Modigliani-Sterling claim to uncover three “serious 
flaws” in Kormendi’s (1983) specification and data defi- 
nitions: 1) an improper measure of consumption flow; 
2) an improper method of deflating the regressors: and 
3) an inappropriate use of nominal instead of real 
government interest payments, The Modigliani-Sterling 
consumption flow measure uses virtually the same for- 
mula as Kormendi but applies it to the FRB measure of 
the stock of consumer durables, whereas Kormendi 
used the BEA measure which is derived using consider- 
ably more detailed procedures. The choice of deflator is 
a typical “index number problem” and cannot be re- 
solved a priori. We accept the real interest rate variable 
as the correct measure, but note that it should be 
computed using the market value of government debt 
(see also Kormendi, 1986). We point out here that, 
unlike Barth et al., the Modigliani-Sterling replication 
of Kormendi’s results involves neither a specification 
nor a time period to be found in Kormendi (1983), nor 
are their variables sufficiently documented to trace their 
construction. As it turns out, using Modigliani-Sterling’s 
dependent variable and deflation method does ‘not 
materially affect the Barth et al. replication, and the use 
of real government interest payments actually improves 
the results from the perspective of the Consolidated 
Approach. See Table 4, col. 2, and fn. 15. 

10Following Modigliani-Sterling, we only report the 
sums of the coefficients of the contemporaneous and 
lagged values (the lag sums), along with the standard 
errors of these sums. Although we refer only to col. 1, 
Table 1, in Modigliani-Sterling, similar results obtain 
for all their reported equations. 
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TABLE 2—TEST OF THE IMPLICIT RESTRICTIONS IN 
MODIGLIANI AND STERLING’S LCH SPECIFICATION 








Sample Period 1952-84 
Polynomial Lag on Flow Variables: 
Lag Length 4 
Degree 2 
Constant ~ 0,35 
(0.10) 
A 0.010 
(0.006) 
G 0.13 
(0.03) 
Y 0.78 
f (0.08) 
TX —0.12* 
(0.19 
TR 0.65 
i (0.13) 
RGINT 1.85 
(0.28) 
GS —0.32? 
(0.20) 
SER. 0.010 
D-W 2.5 
Q(6) - 6.4 
F-Statistic for LCH 
Restrictions 5.9. 
DOF (6,20) 
MSL 0.001 





Notes: All data, including the dependent variable 
CON, are from Modigliani and Sterling. SER is the 
standard error of the regression, D-W is the Durbin- 
Watson statistic, Q(6) is the Box-Pierce statistic com- 
puted from the first 6 residual autocorrelations. MSL is 
the marginal significance level of the F-statistic under 
the null distribution with (numerator, denominator) de- 
grees of freedom (DOF). Standard errors of the esti- 
mated coefficients are shown in parentheses. 

*Lag sum (standard error) through two lags = 0.06 
(0.11). 

>Yag sum (standard error) through two lags = — 0.27 
(0.15). 


consumption is concentrated in the (insig- 
nificant) third and fourth lags, so that the lag 
sum through two lags for TX is .06. Govern- 
ment spending, GS, on the other hand, yields 
a significant lag sum of —.27 through two 
lags, and is marginally significant through 
four lags only because the coefficients of the 
third and fourth lags are near zero. Finally, 
an F-test of the restrictions Modigliani- 
Sterling implicitly imposed on (2) rejects 


these at better than the .001 level. 
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C. Nonstationarity and Homogeneity 
over the 1931-83 Sample Period 


A regression model estimated over all of 
the available data that fails to reject a Chow 
test for equality of coefficients when the 
sample is divided, satisfies what we- call a 
homogeneity condition. Such a test can also 
be interpreted as a general test for specifi- 
cation error.!! In particular, if one estimates 
a regression over data in levels when non- 
stationarity mandates estimation over dif- 
ferenced data, then one would expect the 
homogeneity condition not to hold, espe- 
cially for longer samples. 

One of the main features of the dif- 
ferenced consolidated specification in Kor- 
mendi (1983) was that it satisfied this homo- 
geneity condition when the full sample was 
divided into a “turbulent” war and Great 
Depression period and a “tranquil” postwar 
period. The Chow test reported in the sec- 
ond row of Table 1 above confirms that this 
homogeneity condition also holds for the 
1931-83 period. We will now test whether 
Modigliani and Sterlings PDL/ levels 
specification satisfies this homogeneity con- 
dition, splitting the sample in 1952, the first 
year in their sample. The chief obstacle to 
implementing such a test is that strictly com- 
parable data for some of the Modigliani- 
Sterling variables are not available for years 
prior to 1948. We surmount this obstacle by 
applying their variable definitions and con- 
cepts as closely as possible to Barth et al.’s 
and Kormendi’s data, which go back to 
1929.12 - 


Such a test can be viewed as a member of the class 
of tests for specification error discussed by Jerry Haus- 
man (1978). 

The two sets of variables are related as follows. 
The two consumption variables differ in their imputed 
flow of services from the stock of consumer durables. 
Kormendi’s formula used the BEA’s estimate of the net 
stock of consumer durables, while Modigliani-Sterling 
applied virtually the same formula to the less-detailed 
FRB estimate of this stock. Kormendi’s variable W is 
an estimate of real net private tangible wealth valued at 
replacement cost plus human wealth measured at the 
cost of production. The Modigliani-Sterling variable A, 
on the other hand, measures the net worth of private 
households. Since the latter includes corporate equity, 
we have added the variable EQ, the market value of all 
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TABLE 3— HOMOGENEITY TESTS FOR LCH 
SPECIFICATION, SHORT VS. LONG SAMPLE PERIOD 








Sample 
Period 1952-83 1933-83 
Constant ~0.21 0.32 
f (0.10) (0.02) 
wW 0.019 0.037 
(0.004) (0.004) 
EQ 0.033 0.045 
(0.007) (0.011) 
GB 0.14 0.026 
(0.03) (0.018) 
y@ 0.79 0.52 
f (0.05) (0.05) 
T? -0.79 —0.52 
(0.05) (0.05) 
D 0.29 ~0.13 
(0.12) (0.04) 
SER 0.017 0.032 
D-W 13 0.9 
Q(6) 18.8 17.6 
F - 6.8 
DOF (19,24) 
MSL ` < 0.001 





Notes: All data except for EQ are described in Barth 
etal. All variables are real per capita levels. EQ is the 
market value at year end of stocks listed on the New 
York Stock Exchange; W, GB and the dependent vari- 
able PC are defined in Barth etal.; Y, T and D are 
defined in Modigliani-Sterling. The coefficients of Y, T, 
and D are sums of the contemporaneous and 4 lagged 
coefficients, estimated from first-degree PDLs. The F 
statistic in the second column tests whether the coeffi- 
cients in the two regressions are equal. For remaining 
abbreviations, see Notes to Table 2. Standard errors are 
shown in parentheses. 

®The coefficients of Y and T have been constrained 
to be equal with opposite sign. . 


Column 1 in Table 3 shows that regression 
(1) in Table 1 of Modigliani-Sterling can 
indeed be well replicated using variables 
constructed from our data set. Column 2 of 
this table extends the sample back to 1931. 
The coefficient of government debt (GB) 





stocks listed on the New York Stock Exchange, to our 
regressions. For the overlapping years, the data for real 
income and net taxes in the two data sets are virtually 
identical. We have followed Modigliani-Sterling in de- 
flating all regressors by the same deflator as the depen- 
dent variable. Our results are estimated through 1983 
instead of 1984 because we use Barth et al.’s extension 
of Kormendi’s (1983) data set. Our data and variable 
definitions are further described in an Appendix, avail- 
able upon request, which should be read jointly with the 
Data Appendix to Barth et al. (1986). 
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becomes insignificant and small. The lag sum 
of deficits (D) becomes significantly nega- 
tive, which is consistent with the REP. The 
lag sums for income (Y) and net taxes (T) 
drop considerably. The very low Durbin- 
Watson statistic suggests that the residuals 
may even be nonstationary, in which case 
estimation in levels would be a serious 
specification error. Finally, the F-statistic 
and corresponding MSL at the bottom of 
Table 3 decisively reject homogeneity. 

The results in Table 4 allow a direct com- 
parison of PDL/levels without the Con- 
sistency Conditions (col. 1), with Kormendi’s 
“augmented” consolidated specification esti- 
mated with differences/no lags (col. 2).4 
Note that with the Consistency Conditions 
removed, the lag sum of income (Y) is in the 
range found by Kormendi and Barth et al., 
that of taxes (TX) is insignificantly positive, 
that of government spending (GS) is nega- 
tive (and significant after two lags), and the 
coefficient of government bonds (GB) is in- 
significant. Only the lag sum of real interest 
payments (RGINT) is at odds with the Con- 
solidated Approach. However, specification 
problems remain evident. Both the D-W sta- 
tistic and the Q(6) statistic indicate that 
nonstationary residuals may still be a prob- 
lem, while the Chow test again decisively 
rejects homogeneity. 

Comparing Kormendi’s differenced con- 
solidated specification in column 2 with col- 
umn 1 reveals some interesting differences. 
The Q(6) statistic is now consistent with 
white noise residuals. 
government debt (GB) becomes negative. 
The coefficient of government spending (GS) 


13 Correcting for the serial correlation in the residuals 
by using the AR1 maximum likelihood procedure in 
TSP does not alter this F test or the associated coeffi- 
cients materially. 

The data and specification are the same as those 
used to estimate Barth et al.’s equation (7), with the 
following exceptions where we follow Modigliani-Ster- 
ling instead. Nominal government interest payments 
(GINT) have been replaced by real ones (RGINT). The 
Federal Reserve System has been shifted from the 
private to the government sector, affecting both taxes 
(TX) and real interest payments (RGINT). 


The coefficient of -` 
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TABLE 4— HOMOGENEITY TEST OF UNRESTRICTED 
PDL/LEVELS vs. AUGMENTED 
CONSOLIDATED SPECIFICATION 








Sample 
Period 1933-83 1931-83 
Lags PDL Y,_1 only 
Differences: No Yes 
Constant 0.66 0.010 
(0.11) (0.005) 
w 0.017 0.016 
(0.011) (0.006) 
EQ 0.029 - 
(0.013) 
GB 0.028 - — 0.019 
(0.030) (0.020) 
A 0.36 0.30 
(0.11) (0.05) 
d AN - 0.07 
(0.03) 
TX 0.13 0.02 
(0.26) (0.09) 
GS —0.11 — 0.23 
(0.06) (0.03) 
TR 1.04 0.82 
(0.44) (0.19) 
RGINT 0.83 0.07 
(0.23) (0.08) 
RE - 0.08 
(0.14) 
SER 0.025 0.022 
D-W 0.8 13 
Q(6) 27.7 5.4 
F 43 11 
DOF (19,18) (21,22) 
MSL 0.002 0.41 





Notes: All data and variables, including the dependent 
variable PC, are as described in Barth et al., or in the 
Notes to Table 3. In the first column, the reported 
coefficients (other than for W, GB, and EQ) are sums 
of the contemporaneous and 4 lagged coefficients, 
estimated from first-degree PDLs. The F-statistic tests 
whether the homogeneity condition holds when the 
sample is split in 1952. For remaining abbreviations, see 
Notes to Table 2. Standard errors are shown in 
parentheses. 


becomes more negative and overwhelmingly 
significant. Of particular interest is the 
coefficient of real government interest pay- 
ments (RGINT) which is now effectively 
zero. Thus the key null hypothesis of the 
Consolidated Approach, namely that the 
coefficients of TX, RGINT and RE should 
all be zero, finds strong support in the data. 
Finally, the F-statistic at the bottom of col- 
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umn 2 supports the homogeneity of the con- 
solidated specification.) 


IU. Conclusion 


To summarize, we admire Barth, Iden, 
and Russek’s meticulous replication and 
sample extension of Kormendi (1983). How- 
ever, we show that Kormendi’s benchmark 
consolidated specification estimated over the 
1931-83 period is not rejected when pitted 
against those combinations of explanatory 
variables and sample periods with clear a 
priori motivation. With respect to Modig- 
liani and Sterling, we show that their formu- 
lation imposes implicit restrictions that are 
rejected by the data. Moreover, in contrast 
to the Consolidated Approach, their conclu- 
sions do not hold when their sample is ex- 
tended to include the Great Depression and 
World War II years. 

We conclude by showing how one might 
synthesize the Consolidated Approach, the 
Life Cycle Hypothesis (LCH), and the em- 
pirical results presented as part of this de- 
bate. In this regard, consider a world with a 
given age distribution of agents, all of whom 
rationally forecast the future consequences 
of current debt-financed tax reductions, as 
per the REP. Suppose, moreover, that these 
agents have limited bequest motives, as per 


15Some additional observations are in order. First, 
the results favoring differences/no lags are not the 
result of a failure to include lags of the explanatory 
variables. As in Kormendi (1983), the data here also fail 
to reject the null hypothesis that all lags have zero 
coefficients (F(13,29) =1.1, MSL =.40). Second, contra 
the allegation of Modigliani-Sterling, deflating all ex- 
planatory variables by the same deflator as the depen- 
dent variables has no material effect on the estimates. 
Third, adding the variable £Q to this regression yields 
a marginally significant coefficient with no material 
effects on the other results. Fourth, Modigliani and 
Sterling argue forcefully that a value of .37 for the sum 
of the coefficients of income and lagged income is 
“preposterously low.” We believe that this value ap- 
pears low only in contrast to lag sums derived from 
“customary” specifications which employ PDL/levels 
instead of differences and the Standard rather than the 
Consolidated Approach. Finally, results similar to those 
in Table 3 and 4 obtain when the dependent variable is 
consumption expenditures, both with and without con- 
sumer durables. 
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the LCH.'© Then, if the median remaining 
life expectancy is sufficiently long, a general 
debt-financed tax cut falling over the entire 
age distribution would be virtually capital- 
ized in full, and the coefficients of taxes and 
government spending would conform to the 
Consolidated Approach. However, to the ex- 
tent that transfer payments redistribute 
wealth from “young” to “old” ( for example, 
Social Security) life cycle considerations 
would imply a positive coefficient for trans- 
fers.!’ We find the policy implications of the 
foregoing to be potentially quite interesting." 


l6Here we distinguish between expectations of the 
future tax consequences of current deficits and the 
existence of a bequest motive, a distinction first made in 
Robert Barro’s seminal paper (1974). 

7Actual transfer payments are also paid to agents 
with low permanent income (from “rich” to “poor”), 
and to agents who are temporarily liquidity constrained. 
All three categories of transfer payments, which are not 
mutually exclusive, imply a positive coefficient for 
transfer payments. See Kormendi (1983). 

18 For example, Social Security redistributions would 
reduce capital formation, even though the taxes needed 
to finance the future unfunded Social Security obliga- 
tions (Social Security “wealth” in the sense of Martin 
Feldstein, 1974) are virtually fully discounted. 
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The Economics of Price Scissors: Comment 


By AKE G. BLOMQVIST * 


In a recent paper (1984a), Raaj Kumar 
Sah and Joseph Stiglitz construct a model 
which they use for analyzing the relationship 
between the rate of industrial sector capital 
accumulation and the terms of trade be- 
tween industry and agriculture in a closed 
two-sector economy. They relate some of 
their analysis to the industrialization debate 
in the Soviet Union in the 1920’s, and par- 
ticularly to the proposals by Evgeny Preob- 
razhensky for financing industrial capital ac- 
cumulation by putting a “squeeze on the 
farmer through the price scissors” (i.e., by 
deliberately altering the terms of trade 
against the agricultural sector). According to 
their results, increasing the squeeze will lead 
to increased accumulation, as suggested by 
Preobrazhensky; however, contrary to the 
suggestions implicit in the work of authors 
such as Ashok Mitra (1977) and Michael 
Lipton (1977), they find that the increase in 
accumulation will be larger the more price 
sensitive is the marketed agricultural sur- 
plus. Furthermore, they interpret their results 
as contradicting “Preobrazhensky’s second 
proposition,” namely that -by turning the 
terms of trade against the peasants, it is 
possible to increase the rate of accumulation 
without reducing the welfare of industrial 
workers. 

The purpose of this comment is to suggest 
that several of the Sah-Stiglitz conclusions 
are misleading in the sense that they depend 
on a model specification which is incon- 
sistent with the spirit of Preobrazhensky’s 
discussion of the policy problem faced by 
Soviet authorities in the 1920’s, and also by 
policymakers in some present-day less devel- 
oped countries. If the problem is modeled in 
a way that corresponds more closely with 
Preobrazhensky’s analysis, not only will 


*Department of Economics, University of Western 
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Joseph Stiglitz and Victoria Zinde-Walsh for references 
and comments. 
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Preobrazhensky’s second proposition be true, 
but the suggestion by Mitra and Lipton, that 
the scope for increasing accumulation 
through manipulating the terms of trade will 
be Jess the more price sensitive is the 
marketed agricultural surplus, will also be 
correct. 

The central relations in the Sah and Stig- 
litz model are the equations describing the 
rate of capital accumulation (J) and the 
supply-demand balance for the agricultural 
good; following their notation, they can be 
written as 


(1) I= N*(¥(K/N?)-w), 


(2) NY Q(p,N*) =N?x*(p,w), 


where N! and N? are the number of workers 
in the agricultural and industrial sectors, re- 
spectively, K is the given capital stock in 
industry, Y is the per worker output of 
industrial goods, w is the industrial wage 
rate, Q and x? are the marketed surplus per 
agricultural worker and food consumption 
per industrial worker, respectively, and p is 
the price of the agricultural good relative to 
that of the industrial good (the terms of 
trade). 
In establishing the results referred to 
above, Sah and Stiglitz take N! and N? as 
given, and then analyze the effects of chang- 
ing p which is considered a control variable. 
Inspection of (2) makes it clear that as long 
as the marketed surplus responds positively 
to price and food is a normal good (so that 
(dx*/dp) <0, (dx*/dw) > 0), a reduction 
in the relative price of the agricultural good 
will lead to an excess demand for it. Sah and 
Stiglitz now assume that this excess demand 
is eliminated through a reduction in the in- 
dustrial wage rate w. It is immediately obvi- 
ous that the reduction in w will raise the rate 
of accumulation J, and that it must be large 
enough to actually reduce the real income of 
industrial workers. As Sah and Stiglitz note, 
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the result that the increase in capital accu- 
mulation will be larger when the marketed 
surplus is highly price responsive simply re- 
flects the fact that the necessary reduction in 
w must be large when this is the case. 

But a process in which the state turns the 
terms of trade against agriculture by means 
of reducing the real wages of the urban 
proletariat does not appear to be what Pre- 
obrazhensky had in mind. As Sah and Stig- 
litz note, in one place he tries to construct a 
numerical example to demonstrate that in- 
creasing accumulation by means of “ taxa- 
tion on the basis of a definite price policy” 
need not reduce the real income of workers. 
More generally, the fundamental theme of 
his chapter on “The Law.of Primitive Social- 
ist Accumulation” is that policies must be 
devised to make the peasants carry more of 
the burden of industrialization, and the in- 
dustrial proletariat less.! The attacks by con- 
temporary critics on Preobrazhensky’s anti- 
peasant views certainly indicate that this was 
the understanding at the time. 

An alternative and more plausible way of 
interpreting Preobrazhensky’s essay is to see 
it as a set of proposals implying various 
forms of indirect taxation of the marketed 
agricultural surplus. Numerous passages can 
be cited in support of this interpretation.” 


See in particular Preobrazhensky’s distinction be- 
tween “socialist accumulation” and “primitive socialist 
accumulation” (p. 84), his statement recognizing that a 
concern for workers’ welfare constitutes a “definite 
barrier to the tempo of industrialization” (p. 122), and 
the polemic with Nikolai Bukharin in the Appendix 
(especially pp. 229—230, 266). 

2He suggests that in the future, freight charges on 
the state railway may be used as “a lever of primitive 
accumulation” (p. 95), as well as profits from state 
purchases of grain or raw materials for resale to urban 
consumers or use in state industries (pp. 100, 103). 
Finally, he advocates indirect taxation through “crea- 
tion of monopoly prices on the home markets for the 
products of national industry”; that is, fixing the nomi- 
nal price of manufactured goods (p. 111). It is in the 
context of discussing the latter policy that Preobrazhen- 
sky suggests that urban workers may be fully com- 
pensated by nominal wage increases for the impact of 
higher industrial prices. In the context of the Sah and 
Stiglitz model, an attempt at altering the terms of trade 
through price fixing of this kind would necessarily result 
in a food shortage unless wages were allowed to fall. 
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Such indirect taxation would turn the terms 
of trade against the peasants, but would be 
compatible with demand-supply balance for 
the rural good because it would raise the 
(tax-inclusive) price to urban consumers. 

Formally, indirect taxation of the mar- 
keted surplus of agricultural goods can be 
introduced in the Sah and Stiglitz model by 
letting the price paid by urban workers (de- 
noted here by f) be a-control variable; the 
tax rate £ on the marketed surplus is then 
given implicitly by 


(3) t= p— p)/p. 


The question how this type of indirect tax 
may be used to raise the rate of accumula- 
tion and to redistribute income between 
farmers and urban workers, has been ana- 
lyzed in considerable detail in other papers 
by Sah and Stiglitz (1984b, 1983). For pres- 
ent purposes, the important point to estab- 
lish is that Preobrazhensky’s second proposi- 
tion is valid when the problem is defined in 
this way. I do this by showing that a policy 
of turning the terms of trade against agricul- 
ture by taxing the marketed surplus may be 
used to raise the rate of accumulation even if 
the real income of urban workers is held 
constant by an increase in the wage rate 
sufficient to compensate for the impact of 
the higher (tax-inclusive) price of food. To 
demonstrate this, one must first take account 
of the revenue raised by the tax, so that 


Sah and Stiglitz suggest that Preobrazhensky and others 


did not realize this (“the crucial point missed by Preob- 
razhensky and others is the constraint generated by the 
demand and supply balance of the rural good,” p. 129). 
However, the complete passage in Preobrazhensky’s es- 
say from which Sah and Stiglitz quote, implies the 
existence of a second consumer group (“bourgeois and 
petty-bourgeois consumers”) who do not get com- 
pensated for the increased price of industrial goods. In 
these circumstances, raising the nominal price of the 
manufactured good could reduce the equilibrium rela- 
tive price of the rural good without creating a shortage, 
even if industrial workers were fully compensated. In 
Lipton’s work, the possibility of a food shortage as a 
result of a policy of altering the terms of trade against 
agriculture is discussed very explicitly (for example, 
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equation (1) must be written as? 


(1) I=N?(Y—w+(p-p)x?(p,)); 
this expression is then used to evaluate the 


total derivative dI/dp subject to the con- 
straints 


(2’) 


(4) V?( p, w) =constant, 


N'-Q( p, N+) = N?x?( p,w) 


where V? is the indirect utility function. of 
an urban worker, and p and w are endoge- 
nously determined. The required result is 
then established by showing that (dI/dp) > 0 
at t = 0, and that (dp/dp) < 0. Both of these 
inequalities are proved in the Appendix 
where the following expressions are derived: 


(5) epp = (B/p)(4p/dp) = — ežp/ op <0, 
(6) dI/dp = Nx?-(—e,,)-(1—t(1+ €,)), 


where, following Sah and Stiglitz, e?¥ is the 
absolute value of the price elasticity of the 
compensated demand by urban workers for 
the rural good, and e,>0 is the price 
elasticity of the marketed surplus.4 From 
(6), it is also evident that for positive ft, the 
increase in accumulation for a given relative 
reduction in the farm price of the agricul- 
tural good is smaller the larger this price 
elasticity, contrary to the result of Sah and 
Stiglitz (1984a, p. 128), but consistent with 
the suggestions of Lipton and Mitra. 


3Note that expression (1’) may still be considered 
valid even if the government does not actually collect 
the tax (P -— p), but instead makes food available to 
urban workers at the price p, via a rationing system. In 
that case, f may be interpreted as a shadow price or 
black market price of food; the “tax” (f— p) then 
constitutes a transfer to workers through the rationing 
system and this transfer makes it possible for the 
government to pay correspondingly lower wages without 
reducing workers’ welfare. With lower wages, accumula- 
tion can increase. 

fAs Sah and Stiglitz note, this price elasticity may in 
principle be negative; however, on the basis of existing 
empirical evidence they assume it is positive. 
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APPENDIX 


Differentiating the constraints (2’) and (4) 
in the text produces 





N\(dQ/ap) —N?(dx7/aw) 
Se 0 (aV7/aw) 
dp/dp | _ | N?(ax?/ap) 
x = $ 
dw /dp| | -(3¥?/af) 


Using the definitions of price and income 
elasticities in Sah and Stiglitz, and noting 
that (3V?/3w) =A, (3V?/3 f) = — dx’, 
where A is the marginal utility of income of 
an urban worker, this can be rewritten, after 
some manipulation: 


Ê 1 A 
(A2) pe a Pr : are, dp /dp 
0 1 dw /dp 
a e$, 
x? 


where e2,, and e2, are the income elasticity 
and price elasticity (defined to be positive) 
of the uncompensated demand for the rural 
good, and a2 = ĵx?/w is the share of food 
in an urban worker’s budget. Using Cramer’s 
tule and the definition of the price elasticity 
of compensated demand (again defined to be 
positive), one obtains 


(A3) dp/dp = (p/p)(— 2, + a3em)/ 2p 
= (= e34/ £p)" P/P <0, 
(A4) dw /dp = x?. 


Totally differentiating (1’) in the text pro- 
duces 


(A5) dI/dp = N?[(x? +(p - p)(ax?/ap)) 
—(x?(dp/dp)) 


+ (dw /dp)(-1+(B- p)(4x?/aw)))]. 
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Substituting from (A3) and (A4), noting that 
(0x?/dp), = (0x7/dp)+ x?(dx*/dw), this 
becomes 


(AS’) dI/dp = N*x?[((p— p)/x?) 
x (dx?/ap),—(dp/ap)] 
= Nx? 1024 + (p/P) p) 
= N°x? (es /eop)(teo, +(1-1)). 


(A3) and (A5’) can now be used to produce 
(5) and (6) in the text. 
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The Economics of Price Scissors: Comment 


_ By MICHAEL R. CaRTER* 


In a recent issue of this Review, (1984) 
Raaj Kumar Sah and Joseph Stiglitz model 
the impact of shifts in the agriculture-in- 
dustry terms of trade on industrial accumu- 
lation and social welfare.’ The intersectoral 
terms of trade, they note, was a key issue in 
the Soviet industrialization debate of the 
1920’s, and continues to be an important 
issue in contemporary less developed coun- 
tries. One seemingly surprising implication 
of the Sah-Stiglitz model is that a shift in the 
terms of trade against agriculture increases 
industrial accumulation despite (or rather, 
because of ) a normal agricultural supply re- 
sponse. In their model, a price-induced de- 
cline in marketed agricultural surplus re- 
quires depression of industrial wages in order 
to reequilibrate urban food demand with 
supply at the lower relative food price. The 
income and substitution effects of these wage 
and price changes lower urban consumption 
demand for industrial goods. Together with 
agriculture’s reduced purchasing power, this 
lower urban demand leads to the price scis- 
sors-induced increase in investable surplus 
out of industrial production. 

Thus emerges the strong Sah-Stiglitz re- 
sult, which they label “Preobrazhensky’s 
First Proposition,” that the more elastic is 
agricultural supply response, the more wages 
must be depressed in equilibrium, and the 
more effectively price scissors work to in- 
crease accumulation (see their equation (15)). 
Apparently, the traditional preoccupation 
with agricultural supply response, including 


*Assistant Professor. Department of Agricultural 
Economics, University of Wisconsin, Madison WI 
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‘In an unpublished working paper called to the 
author’s attention by a referee, Sah and Stiglitz (1985) 
extend their earlier analysis to consider points raised in 
this comment. Their results like those here, weaken the 
strong implication of their earlier work. 
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Preobrazhensky’s,?_ is wrong-headed and 
backwards. But it is argued here that this 
result obtains only under rather special labor 
supply and investable surplus assumptions 
which conform to neither the constraints of 
the Soviet industrialization debate, nor to 
most contemporary less developed coun- 
tries.? 


I. Labor Supply Assumptions 


Sah and Stiglitz assume that labor supply 
by industrial workers, implicitly measured in 
productivity units, is fixed by the govern- 
ment and is unresponsive to price changes. 
This assumption permits wages to be cost- 
lessly depressed in their model, something 
which Preobrazhensky (1926, p. 122) consid- 


2As commentators on the industrialization debate 
have noted (for example, Nove in his introduction to 
Preobrazhensky, 1926, and Alexander Erlich, 1960), 
Preobrazhensky was unable to counter the argument 
that a strong agricultural supply response would cripple 
exports, urban food supplies, and, consequently, accu- 
mulation. His not quite logically consistent response 
was to downplay agriculture’s ability to withdraw from 
the market for more than a short run (1926, p. 181; 
1927, p. 179), and to say that, in any event, increased 
accumulation would quickly allow an increased flow of 
products to agriculture (1926, p. 89). In his final scholar- 
ly work, Preobrazhensky seemingly despairs of this and 
other contradictions, and notes the grave difficulty of 
constructing socialism in one country (1927, p. 230). 

3Interestingly, the Sah-Stiglitz analysis, with its em- 
phasis on industrial wages, better portrays the econom- 
ics of the Stalinist strategy which in some sense resolved 
the industrialization debate. Michael Ellman (1975) 
calculates that increased self-exploitation by the urban 
working class funded the entirety of the huge increase in 
soviet accumulation between 1929 and 1932. However, 
the economic mechanisms at work then were distinct 
from those in the Sah-Stiglitz model. Ellman shows that 
aggregate prices were not turned against agriculture 
(despite compulsory low price deliveries from collective 
farms), and that agriculture did not provide a net inves- 
tible surplus. As later discussion here makes clear, the 
accumulating state need not be constrained to lower 
wages only by the amount required by changes in 
marketed surplus when agricultural goods can be ex- 
ported. 
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ered impossible, at least for political reasons.* 
But, political reasons aside, whatever the 
form of worker supervision, lower wages re- 
duce incentive for labor effort. Compression 
of industrial wages as in the Sah-Stiglitz 
model would therefore in general be ex- 
pected to reduce industrial productivity and 
perhaps accumulation. A “they pretend to 
pay us and we pretend to work” effect, to 
borrow an expression from contemporary 
Poland, can be incorporated into their model 
by specifying industrial labor productivity as 
a function of the real wage, Y(w/p), where 
p=[a2p+(1—a2)] is a Laspeyres price in- 
dex of urban consumer goods. 

With this change, equation (15) in Sah- 
Stiglitz becomes 


(1) dI/dp=N?(w/p) 


£, —a-p/p 
y (er) Benl 


where Y’> 0 captures the impact of the real 
wage on productivity given fixed labor time, 
and ¢,,,, the elasticity of the urban wage 
with respect to agricultural price, is a posi- 
tive function of the price elasticity of agri- 
cultural marketed surplus. If the real wage 
declines (e,,, < a2 p/p), and if the labor dis- 
incentive effects are, or become, large enough, 
then squeezing agriculture with price scissors 
will reduce accumulation, and will increas- 
ingly do so as agricultural supply responsive- 
ness and e,, increase. While this specifica- 
tion is no substitute for thorough analysis of 
the intrafirm productivity environment, it 
does, together with Avinash Dixit’s model 
(see fn. 4), illustrate that Sah-Stiglitz’s strong 
unconditional result is a rather special case.” 


x 





4In Avinash Dixit’s (1969) model of the price scissors 
problem, (real) wages cannot be depressed because of a 
Lewis-style assumption that labor supply is perfectly 
elastic at a real wage fixed in terms of food. Contrary to 
Sah-Stiglitz’s strong version of Preobrazhensky’s first 
proposition, the larger is agriculture’s supply responses, 
the fess effective are price scissors in Dixit’s model. In 
fact, with too large a supply response, price scissors 
would reduce accumulation in the Dixit model (see his 
equation 9, p. 211). 

5Sah and Stiglitz (1985) consider the effect of real 
wages on labor productivity via a nutritional linkage, 
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Il. Definition of Investable Surplus 


A second assumption behind the Sah- 
Stiglitz strong version of Preobrazhensky’s 
first proposition is a narrow definition of 
investable surplus as the difference between 
domestic production and consumption of in- 
dustrial products. In the Soviet industrializa- 
tion debate, however, lagging agricultural ex- 
ports and the inability to import foreign 
capital goods were a major preoccupation.® 
Once the direct importance of agricultural 
exports to accumulation is a recognized, con- 
cern about a price scissors-induced agricul- 
tural supply strike appears a good deal more 
rational than the Sah-Stiglitz framework ad- 
mits. 

Sah and Stiglitz’s agricultural material 
balance equation (10) can be rewritten to 
define net agricultural exports, E = N'Q — 
N*x?(p,w). Investable surplus, equation 
(11) in Sah-Stiglitz, then becomes 


(2) I=N*(Y—-WL*)+(p*— p)E, 


where the new price term p* is given inter- 
national or shadow price of agriculture goods 
which is assumed to exceed p. Assuming 
that there are no quantity constraints in the 
international market, state export policy can 
now be used to influence urban food supply 
independently of marketed surplus. The 
equilibrium industrial wage can be set inde- 
pendently of p in conjunction with export 
policy. 


and they subsequently weaken their price scissor prop- 
osition in the manner the present analysis suggests. Also 
analogous to this comment’s later discussion, they con- 
sider the impact of trade on price scissors. Section VI of 
their 1984 paper considers a Harris-Todaro labor supply 
specification which could be used to similarly dampen 
their price scissor proposition. 

®For the Soviet Union, which lacked access to for- 
eign capital markets, agricultural exports were one of 
the few sources of foreign investment goods and tech- 
nology. Even as agricultural production recovered to- 
ward its prewar level in the 1920’s, agricultural exports 
continued to lag, apparently because of the revolution’s 
abolition of the taxes and rents which in the past had 
led to large involuntary marketings out of peasant agri- 
culture (see Preobrazhensky, 1925, p. 34 ff.). 
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If in deference to Preobrazhensky the 
nominal wage is held constant, and exports 
are determined residually, then differentia- 
tion of (2) shows that the price scissors in 
fact reduce exports and accumulation, the 
more so the greater is agriculture’s supply 
response, confirming Preobrazhensky’s wor- 
ries (1927, p. 230). Alternatively, exports 
could be held at some target level, and the 
wage could be adjusted to equilibriate urban 
demand to residual agricultural surplus 
(Q — E) following an agricultural price 
squeeze. In this case, of course, price scissors 
increase accumulation. But, within the con- 
text of the Sah-Stiglitz framework, there is 
no reason for the accumulating state to re- 
duce wages by only the amount required by 
the reduction in marketed surplus. Wage 
policy could be used to ratify a simultaneous 
increase in exports which would simulate the 
“beneficial” effects of a large supply re- 
sponse.’ The economy with a small actual 
supply response can always depress wages 
just as much as the economy with a large 
supply response, and it can export and accu- 
mulate more. The Sah-Stiglitz strong result 
does not hold when the agricultural good 
can be exported without constraint. 

In summary, Sah and Stiglitz do point out 
that the urban wage is a critical part of the 
economics of squeezing agriculture with price 
scissors. The centrality of agricultural supply 


7 This is in part what happened in the Soviet Union 
under Stalin. Agricultural exports increased some 60 
percent between 1929 and 1931 as the proportion of 
grain exported rose from 1 to 14 percent despite almost 
constant production. Correspondingly, capital goods 
imports increased sharply (see Paul Gregory and Robert 
Stuart, 1981, pp. 245 and 285). As indicated in fn. 3, a 
key to Soviet accumulation was depression of the real 
urban wage—depression which went beyond what would 
have been required had agricultural exports not been 
increased. 
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response to price scissors can be overem- 
phasized, as Stalin demonstrated by “resolv- 
ing” the industrialization debate which had 
become stalemated over the supply response 
dilemma (see Erlich). But without very spe- 
cial labor supply and investable surplus as- 
sumptions, it cannot be concluded that 
agricultural supply response is nonprob- 
lematic. 
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The Economics of Price Scissors: Reply 


By Rass KUMAR SAH AND JOSEPH E. STIGLITZ* 


The question of how the funds required 
for the capital accumulation associated with 
industrialization are to be raised has a long 
history. Since the industrial sector is rela- 
tively small in the early stages of industrial- 
ization, there has been a presumption that 
funds must primarily come from the agri- 
cultural sector. The issue has been how best 
to extract these funds, what are the effects of 
such a resource transfer, what is the nature 
of the limits on the amounts to be extracted, 
and whether, in this process, it is desirable or 
necessary to squeeze simultaneously the 
urban proletariat. 

In our 1984 paper, we presented a simple 
model of a closed socialist economy in which 
the instruments at the disposal of the 
government are the terms of trade (the rela- 
tive price of the agricultural good in terms of 
the industrial good) and the industrial wage, 
which we believe sheds some light on these 
questions, particularly in the context of the 
Soviet industrialization debate. This model is 
part of a larger research program, in which 
we have examined similar questions in the 
context of economies under a variety of trade 
regimes, with a variety of institutional struc- 
tures, with and without heterogeneity among 
individuals within a sector, with and without 
the disaggregation of commodities produced 
in each of the two sectors, with and without 
migration, where the government has at its 
disposal other policy instruments, where 
wages in the urban sector are determined 
in a variety of ways, and in which wages 
and prices may affect the productivity of 
workers.! 


*Yale University, New Haven, CT 06520 and Prince- 
ton University, Princeton, NJ 08544, respectively. 

See our studies (1983, 1984, 1985a,b,c, 1986). An 
empirical framework for analyzing urban-rural pricing 
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The reason for examining a variety of 
economic structures is obvious: as the past 
experience of economic development has 
shown, there is an enormous diversity in the 
salient features of developing countries and 
in the set of policy instruments that a 
government can or cannot employ. Among 
our objectives have been (i) to examine a 
range of models emphasizing different sets 
of structural features, in part to ascertain 
which features are central to answering the 
questions at hand, and (ii) to develop gen- 
eral reduced-form relationships to describe 
specific parts of the economy (for instance, 
to represent the migration mechanism and 
the urban wage determination), and to 
show that the central results depend only on 
the properties of these reduced-form rela- 
tionships. 

The issues raised by Ake Blomqvist and 
Michael Carter in their comments (1986) are 
primarily interpretative. They contend that 
our simple model of a socialist economy is 
not an appropriate vehicle for examining 
certain propositions which the Soviet econ- 
omist Evgeny Preobrazhensky advanced dur- 
ing the Soviet debate. Instead, Carter argues 
for an open economy specification, and for a 
particular type of wage-productivity effect. 
Blomqvist, on the other hand, favors a 
specification in which the government can 
set different prices in two sectors (we have 
referred to the problem of analyzing dif- 
ferential prices, or taxes, in the two sectors 
as that of urban-rural pricing; in contrast to 
the price scissors problem, where both sec- 
tors face the same prices). As the commenta- 
tors are aware, we have analyzed these (and 
more general specifications) in our 1985a 
and 1983 papers, respectively. Since it is not 
possible to present a full analysis within this 
short reply, we briefly describe some of the 
qualitative features of price scissors within a 
simple framework, so that one can see cer- 
tain implications of alternative assumptions. 
We then turn to the more doctrinal and 
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interpretative issues: What did Preobrazhen- 
sky really mean? Which model provides a 
better description of the Soviet Union at the 
time of the debate? We remain convinced 
that our original interpretation was correct. 


I. Price Scissors” 
A. An Economy Closed at the Margin 


In an economy facing binding constraints 
in external trade (and which cannot borrow 
against the future), a lowering of the price 
of the rural good—which reduces the sup- 
ply of rural surplus available to the urban 
sector—must be accompanied by a lowering 
of the urban wage to reduce the demand for 
the rural good, and hence to balance the 
supply and demand of the rural good. Thus: 
The terms of trade cannot be altered if the 
government cannot (or does not) alter the 
urban wage. 

If the urban wage is altered then, though 
urban workers benefit from the lowered price 
of the rural good, the required reduction in 
their wage always turns out to be sufficiently 
large that the urban workers end up being 
hurt from a lowering of the terms of trade. 
This result does not depend on the direction 
(or volume) of external trade, or on the 
nature of the wage-productivity effects (i.e., 
on the overall effect of a decrease in the 
price of the rural good as well as in the 
urban wage on the net output of urban 
workers). If wage-productivity effects are not 
significant, then a lower urban wage increases 
the investable surplus; therefore: A lowering 
of the terms of trade increases the investable 
surplus. Wage-productivity effects are am- 
biguous in general.? One of the special cases 
under which the above result continues to 
hold is where the net output of a worker 


2Proofs of the results described in this section are 
contained in our 1985a paper. 

3See our 1985a,c papers for a general (reduced-form) 
representation of wage productivity effects; special cases 
of this representation are the hypotheses based on labor 
efficiency, labor quality, and labor turnover. Carter’s 
interpretation that our reduced-form expression repre- 
sents a nutrition-based link between wage and produc- 
tivity is, thus, unnecessarily restrictive. 
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depends on his level of utility;* provided a 
dollar increase in a worker’s income yields 
less than a dollar’s increase in his net output 
(which is what we would typically expect). 


B. Open Economy 


Since in an open economy the demand 
and supply of the rural good is balanced by 
adjusting the externally traded quantities, 
the terms of trade and the urban wage can be 
set independently of one another in an open 
economy. A lowering of the terms of trade, 
keeping the urban wage fixed (in terms of 
the numeraire, industrial good) increases the 
investable surplus if currently the rural good 
is not being taxed too heavily (i.e., the 
domestic price of the rural good is not too 
low compared to its international price), or 
if it is being subsidized. This is in part 
because a typical developing economy is a 
net exporter of the rural good, and a lower 
terms of trade implies a higher tax revenue 
on exports. On the other hand, if the current 
tax on the rural good is large, then a further 
reduction in the terms of trade reduces the 
investable surplus because the revenue loss 
from the induced reduction in the rural 
surplus is sufficiently large to offset other 
potential gains. 

The assumption that the urban wage would 
remain unchanged (in terms of any one of 
the two goods) is not always compelling. A 
useful benchmark case is that where it ad- 
justs to keep the welfare of the urban worker 
unchanged. Then, there exists a critical level 
of the terms of trade, p*, which is below the 
international price, such that: The investable 
surplus increases (decreases) with a lowering 
of the terms of trade if the current terms of 
trade is above (below) p*. Further, since a 


4Carter’s specification, in which the net output de- 
pends on a particular “real wage” can be seen as an 
approximation of this case. His treatment of this case 
(see his equation (1)) is not fully satisfactory, however, 
because the budget shares (used in defining the real 
wage) remain unaffected even though wage and prices 
are changing. Moreover, his assertion that the result 
di/dp < 0 is a rather special case is ungrounded. 

>Carter claims (based on his equation (2)), but does 
not show, that a squeeze with price scissors must lower 
accumulation. This claim is incorrect. 


VOL. 76 NO. 5 


lower terms of trade hurts rural workers but, 


by assumption, leaves the welfare of urban 
workers unchanged, it follows that: Any pele 
below p* is Pareto inefficient. 


II. Preobrazhensky’s Propositions 


Here, we ask, what is the appropriate 
model to serve as a basis for examining two 
propositions of Preobraz-hensky: (i) the state 
can increase the accumulation by turning the 
terms of trade against peasants, and (ii) the 
increased accumulation is possible without 
hurting the industrial workers. 

If indeed: there is a single model which 
captures Preobrazhensky’s construct, then it 
is obvious that both Blomqvist and Carter 
cannot be right because they argue in favor 
of two quite different models; at least one ‘of 
them must be wrong. We argue below that 
both miss the central issue involved. On the 
other hand, the divergence of views between 
Blomqvist and Carter, as well as their dis- 
agreement with us, can be viewed as a conse- 
quence of the ambiguities in Preobrazhen- 
sky’s writings; after all, Preobrazhensky was 
not only writing a verbal economics tract, 
but was also fighting a life and death battle 
(as subsequent events were to prove) of 
ideology and polemics. 

There is no doubt, however, that the 
key policy instrument in Preobrazhensky’s 
scheme of primitive socialist accumulation 
was the terms of trade between the agricul- 
tural and the industrial goods; although he 
did mention a multitude of other instru- 
ments such as. direct taxation, railway 
freights, credit policy, printing money, etc. 
The reason (which holds for many of today’s 
less developed countries as weil) is simply 
that an attempt to alter the terms of trade 
merely requires the government to change 
the nominal price of the industrial good; this 
attempt is more feasible than implementing 


Analogous conclusions hold in models with different 
urban-rural prices. For instance, in the model on which 
Blomqvist’ s comments are based, one obtains dI/dp 2 0 
if (p~- p)/p zl / ep: This, in combination with 
dp /dp < 0, implies that: Lowering the rural price below 
some level is Pareto inefficient. See our paper (1983) for 
a discussion of this and other related results. 
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virtually any other policy instrument. Basing 
his conclusions on quotations from Preob- 
razhensky’s writings, Alexander Erlich states 
this point succinctly: 


“The concentration of the whole of 
the big industries...in the hands of the 
workers’ state increases to an extraor- 
dinary extent...the possibility of carry- 
ing out...a price policy on the basis of 
monopoly”... Preobrazhensky did not, 
to be sure, renounce direct taxation 
as an instrument of the redistribution 
of income in favor of socialist in- 
dustry... Taxation through price, how- 
ever, was in his view the most effective 
single device—both because of the 
“extreme convenience of collection 
which did not require a penny for a 
special fiscal apparatus” and for rea- 
sons of political expediency. “The way 
of direct taxation is the most danger- 
ous way, leading to a break with the 
peasants.” [1960, pp. 49-50] 


In contrast, a model with urban-rural pric- 
ing, which is what Blomqvist argues for, 
entails not only large administrative costs 
but it also requires the administrative ability 
(in which the USSR was clearly lacking dur- 
ing 1917-24) to monitor the “tax border” 
between the two sectors. Therefore, it should 
not be surprising that the participants in the 
Soviet debate as well as those who have 
subsequently analyzed this debate have 
viewed the terms of trade (and not urban- 
rural pricing) as the central instrument in 
Preobrazhensky’s scheme. We also note that 
Blomgvist’s use of an urban-rural pricing 
model to view some of Michael Lipton’s 
analysis of the Soviet debate might be mis- 
leading because a central instrument in 
Lipton’s analysis (1976, pp. 128-29) is, once 
again, the terms of trade. In another context, 
Lipton states “The ‘scissors’ discussion al- 
ways was, and is, mostly about-changing the 
price of the rural good relative to the urban 
good —not about changing the relative price 
paid by the two sectors for the same good” 
(personal communication, 1982, emphasis in 
the original). 

Next consider Carter’s comment concern- 
ing external trade. It is obvious that what is 
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important is not whether the country trades 
or not, but whether the economy can or 
cannot freely increase its trade at the margin. 
A look at the trade figures of the USSR 
during the relevant period (i.e., between the 
October Revolution and the beginning of the 
industrialization debate in 1924) exhibits an 
extreme decline compared to pre-World War 
I period. The trade was negligible until 1920; 
even in 1923, the import volume was less 
than 11 percent, and the export volume was 
less than 15 percent, of the respective 1913 
levels (see Paul Gregory and Robert Stuart, 
1981, p. 267). Though these (or any other 
trade figures) could, in principle, be con- 
sistent with a model with or without con- 
straints on external trade, historical facts 
suggest the former model. Not only was the 
USSR facing blockades by the allies during 
much of this period (augmenting the Soviets’ 
fear of “capitalist encirclement”) but, even 
after the Treaty of Rapallo (April 1922), it 
was facing significant isolation in trade and 
current business credit (see Maurice Dobb, 
1966, ch. 7). 

The importance of these constraints is ex- 
plicit in Preobrazhensky’s views; though he 
emphasized the potential usefulness of exter- 
nal trade to the Soviet state, he clearly noted 
that “...all kinds of external complications 
that might not only sever our economic ties 
with the capitalist countries but will also 
most effectively retard even that part of 
socialist construction that is based on the 
domestic resources of the Republic” (1921, 
p. 14). Obviously, a fuller understanding of 
the implications of trade embargoes and 
interruptions (and of credit constraints) 
requires an explicit modeling of these phe- 
nomena. In stylized aggregate models such 
as those being discussed here, however, the 
facts concerning the USSR during 1917-24 
(and the understanding that the participants 
in Soviet debate had of these facts) suggest 
that a model with constraints on external 
trade is more plausible than the one without 
any constraints. 


IMI. Concluding Remarks 


A virtue of developing a general theoreti- 
cal framework is that it enables one to iso- 
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late the features of the economy which are 
critical for the issues at hand. Can a manipu- 
lation of the-terms of trade squeeze the 
agricultural sector to provide funds for 
industrial development? If the economy faces 
constraints on external trade and urban 
wages cannot adjust, the answer is no. If 
urban wages do adjust, the answer is yes, but 
only if the urban workers are made worse 
off. Further, since wages must adjust more 
the greater is the sensitivity of agricultural 
surplus to the terms of trade; the greater this 
sensitivity, the greater is the increase in the 
investible surplus from turning the terms of 
trade against peasants. If the economy does 
not face trade constraints, or if prices in the 
two sectors can be set independently, then 
there is no necessary link between urban 
wages and the rural prices. Yet, in these 
cases, we show that it is Pareto inefficient to 
set the relative price of the agricultural good 
below some level. That is, a price squeeze of 
peasants beyond some point is counterpro- 
ductive, regardless of whether the state cares 
about the welfare of peasants or not. 
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The Production Process in a Competitive Economy: Comment 


By ESKANDER ALVI* 


In his recent paper, in this Review, Samuel 
Bowles (1985) argues that involuntary unem- 
ployment in a competitive capitalist econ- 
omy is an outcome of the Marxian notion of 
“class conflict” between the firm (capitalist) 
and workers. The purpose of this comment is 
not to question the Marxian framework, but 
simply to argue that the model and examples 
in Bowles, though very interesting, do not in 
any cogent way reflect class conflict. 

Let me list the major points made by 
Bowles in the context of a competitive 
capitalist economy: 1) involuntary unem- 
ployment, leading to “reserve army of the 
unemployed,” is a reflection of class conflict; 
2) capitalist technology may be profit maxi- 
mizing but inefficient; and 3) discrimination 
among identical workers may be profit maxi- 
mizing. I will focus primarily on the first 
observation which is the heart of the paper. 
The other two can be deduced from the first. 


I. Involuntary Unemployment and Class Conflict 


Bowles constructs a model of production 
where total labor input is the product of 
hours of labor and effort per hour. Since 
effort is not directly observable, he pos- 
tulates supervision in the production pro- 
cess. The typical worker (all workers are 
identical and there is no free-rider problem 
among workers) is fired if caught shirking. 
Hence, the effort response of the worker 
depends on the wage, probability of getting 
caught when shirking (specified by the em- 
ployer), and alternative income/utility when 
unemployed. 

The labor market equilibrium that emerges 
is one where the unemployed worker would 
rather work than be unemployed at the cur- 
rent wage (i.e., the marginal product exceeds 
the worker’s opportunity cost). Bowles claims 
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that this is the outcome of class conflict 
between the capitalist and the worker. Such 
unemployment is indeed painful. However, 
it reflects the deadweight loss to society from 
the informational structure rather than class 
conflict. Unfortunately, Bowles does not say 
much about this information cost, except 


...the cost of surveillance is not an 
information cost at all (or at least a 
very peculiar one)...if employers know 
exactly how much work each worker 
will do once the wage and level of 
surveillance is selected, would it not be 
optimal to pay workers according to 
the amount: of work done? It might. 

[p. 23, fn. 14] 


My answer is in the negative. If output is 
not observed before payment (which must be 
the implicit assumption), then knowing the 
worker’s ex ante optimal effort does not 
automatically guarantee performance. To il- 
lustrate, imagine paying a positive wage to 
an unknown individual to mow your lawn 
right before leaving for work (zero supervi- 
sion). Would you expect to find the lawn 
mowed after returning from work? In the 
context of a long-run relationship, it is obvi- 
ous that supervision requirements can be 
reduced by tying future payments to present 
performance. But this is certainly not the 
point of contention in the Bowles argument. 
In general, both the firm and workers are 
worse off, relative to complete information. 
In the limit, there would be no transaction 
between the effort-conscious firm and the 
effort-averse worker in a one-period model 
without supervision unless one makes the 
ad hoc assumption that some minimum effort 
input is naturally guaranteed.” If we take 


1Tf anything, such long-term agreements will reduce 
the loss from incomplete information, and hence reduce 
the significance of Bowles’ argument. 

?With a guaranteed minimum that is less than poten- 
tial, it is easy to show that the allocations are a strict 
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this as a natural starting point in a one-period 
firm-worker relationship, then supervision 
merely improves the allocation of resources, 
albeit inefficiently relative to complete infor- 
mation. 

Informational imperfections, particularly 
asymmetric information, exist on both sides 
of the market. In such situations, incentive- 

compatibility may require unemployment, 
incomplete insurance, and strikes, depending 
on the type of asymmetry.’ The relevant 
question is, why don’t firms and workers get 
together and design a perfect information 
generating mechanism, since both can be 
made better off? The answer perhaps lies in 
the cost of generating such a mechanism. If 
these costs are increasing and convex in de- 
sired mechanisms, such that approximately 
perfect ones are prohibitively costly, then the 
society must be content with less than the 
perfect one, equating marginal benefit (in- 
creased welfare to firms and workers via 
reduced deadweight loss) and marginal cost 
(the cost of designing the marginally better 
mechanism). 

My next objection is directed at Bowles’ 
attempt to relate this unemployment to a 
weakening of workers’ bargaining power. It 
is possible to visualize a simple bargaining 
model where the firm may have an incentive 
to create excessive unemployment to induce 
workers to take a lower wage.* This is, how- 
ever, not. examined in the paper. In a 
bargaining model it is only fair to include 
both the firm’s incentive to create excessive 
unemployment and the workers’ ability to 


subset of all allocations under complete information. 
Clearly, supervision is desirable in that it increases the 
opportunities for trade between the firm and the worker. 

3See Costas Azariadis (1983), V. V. Chari (1983), 
Jerry Green and Charles Kahn (1983), Sanford Gross- 
man and Oliver Hart (1981; 1983), and Hart (1983) for 
a discussion of firms having private information; and 
myself (1986a,b), Russell Cooper (1983), and Carl 
Shapiro and Joseph Stiglitz (1984) for discussion of 
workers having private information. 

4An example is Martin Osborne (1984). 

SIn all fairness to Bowles, I must admit that this 
argument is not central to his conclusions. However, he 
discusses this issue in relation to the Marxian theory of 
capitalist economy. See p. 25, particularly the second 
paragraph. 
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collude and strike. However, we must bear in 
mind that excessive unemployment is also 
painful to the firm (assumed competitive in 
the product market) and coupled with the 
threat of strike, creating excessive unemploy- 
ment may be only of limited value to the 
firm. Finally, long-term implicit contracts, 
enforced via reputation, are more meaning- 
ful in situations of bilateral monopoly, and 
can circumvent such a problem although, in 
general, imperfectly. 


H. Capitalist Technology, Discrimination 


I submit that both these claims are an 
inextricable part of the deadweight loss from 
incomplete information. Bowles character- 
izes technology as inefficient because it uses 
some inputs in the supervision process to 
induce effort. Clearly it is inefficient relative 
to complete information; but once we pos- 
tulate private information, the choice of such 
a technology cannot be termed inefficient. 

Similarly, the claim is made that dis- 
crimination among identical workers is also 
profit maximizing. Correctly, Bowles points 
out, in the context of a longer time horizon, 
the existence of promotion ladders, “less 
now, more later” type of payment institu- 
tions to induce effort. This is precisely the 
point that, in a long-run context, future re- 
wards can be conditioned on present perfor- 
mance, thus reducing the burden of incom- 
plete information. Given the informational 
structure, however, this can hardly be termed 
discrimination. 


HI. Final Remarks 


Bowles uses a simple model of production 
under asymmetric information and inter- 
prets the non-market-clearing equilibrium as 
a reflection of class conflict. I have argued 
that such unemployment is essentially due to 
the informational structure. 

Before concluding the paper, Bowles 
makes a distinction between neo-Hobbesian 
and Marxian models: “The attitude towards 
work is not, according to this [Marxian] 
principle, simply a manifestation of human 
nature [Hobbes], but in part the result of the 
social institutions in which the production 


1202 THE AMERICAN ECONOMIC REVIEW 


process takes place” (p. 33). I do not argue 
this point. But one must be able to char- 
acterize that social institution which elimi- 
nates or reduces, in its own right, the burden 
of incomplete information. More important, 
such an institution, to make sense from the 
point of view of class conflict, must be one 
that cannot be implemented in a competitive 
capitalist economy, given its ownership 
structure. 

To my mind, a convincing argument relat- 
ing unemployment to class conflict should be 
able to show that involuntary unemployment 
is a steady-state phenomenon in a competi- 
tive capitalist economy (without assumed in- 
formation problems and externalities) and 
arises purely due to differences in ownership 
of capital and labor power. 
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The Production Process in a Competitive Economy: Reply 


By SAMUEL BOWLES* 


In my 1985 paper, I argue that the dif- 
ficulty which employers face in controlling 
the pace and quality of labor input yields a 
competitive equilibrium pattern of technical 
choice, involuntary unemployment, and la- 
bor market discrimination which is ineffi- 
cient in a well-defined sense, and that this 
inefficiency may be attributed at least in part 
to the capitalist nature of the institutions 
governing the economy. I further suggest 
that the extent of work resistance by workers 
and the difficulty of employers acquiring in- 
formation about the workers’ level of effort 
are endogenous in the sense that alternative 
economic institutions would generate differ- 
ent attitudes towards work and different pat- 
terns of information cost. 

From Eskander Alvi’s concluding remarks 
in his comment (1986), I gather that he 
agrees that workers’ attitudes towards work 
are endogenous in the above sense. But Alvi 
also would like to claim that the costs of 
unemployment (and, by implication, discrim- 
ination and nonoptimal technical change) 
are not attributable to the class structure 
but rather “reflect the deadweight loss 
to society from the informational structure” 
(p.1200). My point is precisely that the infor- 
mational structure is not exogenous, but 
rather reflects in important measure the 
forms of work resistance, worker solidarity, 
and commitment to the job fostered by the 
structure of ownership and control of the 
labor process. . 

Quite apart from the endoegeneity of work 
resistance, however, Alvi’s claim that surveil- 
lance of the work process (what he calls 
supervision) “merely improves the allocation 
of resources” is demonstrably false. Starting 
from a position defined by the profit-maxi- 
mizing firm’s first-order conditions (my equa- 
tion (10), p. 24), imagine that the wage is 
arbitrarily increased by one unit, raising the 


*Department of Economics, University of Mas- 
sachusetts, Amherst, MA 01004, 


1203 


cost of job loss to the worker and inducing a 
higher level of work effort. The level of 
surveillance inputs could then be hypotheti- 
cally reduced to a level which induces the 
prior level of work effort. In this new situa- 
tion the level of output is unchanged and the 
amount of surveillance input is reduced, all 
other inputs being unchanged. Thus the 
profit-maximizing level of surveillance is in- 
efficient; the allocation of resources would 
be improved by a departure from the firm’s 
profit maximum in favor of a high-wage, 
low-surveillance labor strategy. The reason is 
that raising the wage (which is costly to the 
firm but not resource-using to society) 
economizes on surveillance inputs which have 
real opportunity costs. 

The cost-minimizing wage is thus subopti- 
mal; or, more pointedly, efficiency wages are 
inefficient. 

Alvi’s penultimate paragraph poses the is- 
sue of information costs in an especially 
insightful way—to claim that information 
costs are endogenous to capitalist institu- 
tions, he writes, “one must be able to char- 
acterize that social institution which elim- 
inates or reduces...the burden of incomplete 
information” (p. 1202) and to show that this 
institution is incompatible with the class 
structure of capitalism. Exactly. And to 
claim, as he appears to do, that these infor- 
mation costs are invariant across institutions 
or that capitalism minimizes these informa- 
tion costs, Alvi would have to give compel- 
ling reasons why such information-superior 
institutions are not feasible. But, he is not 
able to take up the challenge he has so 
neatly posed. 

Both common sense and some fragmen- 
tary empirical evidence (referred to in my 
earlier paper) suggest that more egalitarian 
and participatory institutions— whatever their 
other characteristics—would be likely to 
reduce the degree of conflict over the pace of 
work,- to reduce work resistance, to enhance 
the legitimacy and hence effectiveness of sys- 
tems of control of labor effort and thus 
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reduce information costs associated with the 
regulation of work. 

But the empirical evidence is hardly con- 
clusive—and perhaps my common sense is 
the next person’s dubious reasoning. The 
way to find out would be to create an eco- 
nomic and political environment in which 
experimentation and innovation with new 
organizational forms flourished and in which 
we could thus learn more about how egali- 
tarian and democratic economic institutions 
work. But, as long as credit is rationed 
according to both the asset position of the 
debtor and the organizational form of the 
institution seeking the loan (with a strong 
—and quite rational—preference of the 
owners and managers of financial institu- 
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tions to loan to the wealthy and to capitalist 
organizational forms), the structure of credit 
markets is likely to act as a barrier to such 
innovation and learning. 
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Tobin’s q and the Structure-Performance Relationship: 
- Comment 


By WILLIAM G. SHEPHERD* 


The interesting paper by Michael Smir- 
lock, Thomas Gilligan, and William Marshall 
(this Review, December 1984) offers two 
lessons about market power. The main les- 
son confirms an “efficient structure”. hy- 
pothesis: that leading firms’ high profits re- 
flect only efficiency (including economies of 
scale) rather than market power. A secon- 
dary lesson favors the use of a q ratio (the 
firm’s market value divided by its asset, or 
replacement, value) in place of profit rates. 

Smirlock et al. reduce the issues to the 
following regression equation, which J and 
others have earlier. used to analyze firms’ 
profitability (or rents): 


Profitability = a + b Market Share 
+ c Concentration 
+Other background variables (barriers, 
growth, etc.). 


Smirlock et al. theorize that the b coefficient 
will reflect only superior efficiency, assuming 
that firms attain high market shares solely by 
being more efficient. Any monopoly profits 
will be reflected in (and only in) the c coeffi- 
cient, which shows the effects of collusion. 
Past research has repeatedly shown b to 
be high compared to c, indicating that market 
share is the leading element of market 


*Professor of Economics, University of Massachu- 
setts, Amherst, MA 01002. I am indebted to John 
Howley for advice and research assistance. I also thank 
Henry W. de Jong, Ben S. Branch, William J. Adams, 
and Severin Borenstein, graduate students at the univer- 
sities of Massachusetts and Michigan, members of the 
Five-College Seminar in Industrial Organization, par- 
ticipants in a conference at the University of Amster- 
dam, and a referee for helpful advice. 
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power.! Using 132 firms drawn from my 
panel (1972) of large-firm data, Smirlock 
et al. set out to retest the patterns, using q. 
They reach flat conclusions: as before, b is 
high and c is low, but high profitability is 
now said to reflect only efficiency, not market 
power. Also, q is concluded to be superior to 
profit rates for this line of research. 

These lessons are emphatic and surprising. 
But they are not tenable, for the reasons 
which follow. I restate the logical issues in 
Section I, focusing on Smirlock et al.’s 
peculiar assumptions. In Section II, the q 
ratio’s reliability is compared to the rate of 
profit (called + below). Then in Section III, 
I present new econometric results and briefly 
discuss their meaning. 


I. Structure and Efficiency 


Smirlock et al. assert as “traditional” the 
eccentric assumption that concentration (as 
a facilitator of collusion) is the exclusive 
form of monopoly power.” Instead, market 
dominance is the most direct source of 
market power. The market power occurs re- 
gardless of the origins of the dominance. 

Firms may actually obtain market power 
from several elements of their market posi- 
tions. One element is the firm’s own market 
share, which embodies direct control over 
market transactions. A second element is 
concentration: oligopoly collusion can give a 
diluted degree of market control. Reflecting 
this, concentration has consistently shown a 
weaker association with profitability than has 
market share. A third element, entry bar- 


See my work (1972, 1975, 1979, 1982), Bradley Gale 
and Ben Branch (1982), and Stephen Martin (1983), 
among others. , 

?The discussion in this section must be brief, because 
of limited space. See F, M. Scherer (1980) and my paper 
(1986) for a fuller coverage. 
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riers, can also permit a degree of market 
power and enhanced profitability. Whatever 
their origins may be, once these elements 
exist, they can raise prices and profits. 

As the mainstream literature has devel- 
oped from Alfred Marshall (1920) through 
Joe Bain (1968), these assumptions have been 
central, and they have been empirically 
affirmed.’ Of course, alternative factors may 
also play a role, as Harold Demsetz (1973) 
and others have ingeniously theorized in re- 
cent years. Some firms may simply be super- 
ior, possibly even for long periods; and/or 
there may be large technical scale econo- 
mies.* These advantages can raise a firm 
simultaneously to a high market share and 
high profit rates. Moreover, in the struggle to 
gain high market shares, the winner may 
dissipate some or all of its prospective mo- 
nopoly profits. 

These possibilities, which comprise the 
“efficient-structure hypothesis,” could ex- 
plain some of the market-share-profitability 
correlation. But they might instead arise in- 
frequently, relevant only to a small minority 
of cases. And, as noted, efficient-origin 
dominance creates market power as surely 
as does dominance from other sources. The 
issue is empirical. Persuasive support for 
Smirlock et al.’s view would require concrete 
evidence about specific firms, proving that 
most or all of their high profits reflect supe- 
rior efficiency. 

Smuirlock et al. instead simply declare that 
possibility to be a certainty; they assume 
that efficiency is the sole source of higher 
market shares, and they also assume that 
market power is obtained only by collusion. 
Such assumptions set up an empty test, which 
does not discriminate between market power 
and efficiency. The regression only indicates, 
as before, whether market share is more 
important than concentration and entry bar- 
riers. 


3 They are reinforced by the literature.on corporate 
strategy, which focuses on market share and its market 
influence. Actual business experience also is permeated 
with concern about market share, more so than about 
joint-maximizing or entry barriers. 

*Yet any important superiority is likely to be eroded: 
quickly by market forces, which hire away superior 
factors and bid up their prices. 
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Il. Profitability and a q Ratio 


Profit-rate data have been widely used in 
the past, though they are known to contain 
errors, of at least moderate scope.> Are q 
ratios preferable? They may offer certain 
advantages, but they contain two main cate- 
gories of defects.® 

First, q ratios are conceptually debatable. 
They are a phenomenon of capital markets, 
not of the firm itself. The ratio’s numerator 
(the firm’s current market value) depends on 
the balance among various investors’ expec- 
tations about the firm’s stream of future 
profits. This market value is indirect and 
subjective, based on speculation about fu- 
ture possibilities. It is also unstable, subject 
to swings fed by changing psychology, 
rumors, and extraneous factors. 

Second, the q ratio is complicated to mea- 
sure. Smirlock et al. were forced to adopt 
“intricate” methods, with arbitrary and de- 
batable steps. In the numerator, only the 
common stock price could be used directly. 
Yet it often shows bizarre movements, as in 
the 1960’s “go-go” stock market era. Smir- 
lock etal. assigned preferred stock an as- 
sumed value, other items were assigned book 
values, and debt was valued by a complex 
and debatable method. In short, their 
“market value” numerator is partly book 
value, and its accuracy is doubtful. 

The denominator was even more complex 
and debatable. Replacement cost was sought 
by Smirlock et al., despite decades of litera- 
ture showing the near-impossibility of defin- 
ing it clearly or estimating it reliably.” They 
were driven to use artificial constructs to 
estimate it. The resulting denominator is a 
hybrid book-and-replacement value figure 


5See Bain and George Stigler (1963) for basic re- 
views. A recent polemic (Franklin Fisher etal., 1983) 
cited by Smirlock et al. greatly overstates the problems. 

6 Proposals to use q have stressed the advantages and 
technical features. But no study has directly compared 
the net advantages of q and 7, on conceptual and 
practical grounds. Note that errors in the accounting 
measure of profit will also be present in the q ratios. 

7This is shown by the lengthy debates on public-util- 
ity valuation (see for example Alfred Kahn, 1971, and 
other standard works on utility regulation), as well as 
the voluminous literature on productivity measurement, 
using estimates of capital. 
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containing unknown degrees of error and 
possible bias. 

Combining these two imperfect parts, the 
estimated q ratio is more likely to be inferior 
to m than superior. Indeed, q adds sources 
of measurement error to the errors already 
inherent in accounting profits.® 


Ill. Econometric Results and Their Meaning 


The concepts in Section I can easily be 
retested, but the interpretation requires care. 
To the numerous post-1970 econometric 
studies, Smirlock et al.’s regressions add lit- 
tle but the use of g.? Table 1 presents the 
best models that have been developed, given 
the available data (both my original data 
and Smirlock et al.’s).*° Table 2 focuses on 
the problems of the Smirlock et al. model. 

I note first that v and q are highly corre- 
lated with each other, with a simple r? of 
.65.1 The variables 7 and q also show simi- 
lar patterns in the regression results of Table 
1. In large part, 7 and q are merely alterna- 
tive measures of the same phenomenon. 

The regression results in Table 1 present a 
logical set of easily understood patterns, 
which closely fit mainstream research.” Line 
1 is the most logical and complete model for 


8To assess the importance of the problems, I re- 
quested information from Smirlock et al. on the compo- 
nents of their q data. This information was not sup- 
plied. 

Moreover, they do not acknowledge that the earlier 
studies anticipate virtually all of the regression analysis 
that they offer (apart from the use of q). In particular, 
market shares and concentration are jointly included in 
most of the studies noted in fn. 1. 

WSmirlock etal.’s 132 firms are drawn from my 
original (1972) 231-firm panel, strictly according to the 
availability of Compustat data. Meanwhile I have 
trimmed and improved the data, down to 182 firms. Of 
those, 117 are on Smirlock et al.’s set of 132. The 
specific coverage (231 firms, 182, 132, or 117) probably 
does not introduce bias (except in Smirlock et al.’s 
results as presented in Table 2 and discussed below). 

11 When a constant term is included, the corrected R? 
is .72. That regression is q = ~ 1.18(5.29)+ .277 (17.09), 
with t-values in parentheses. The ~ coefficient implies 
that each added 4 points of profit rate will increase 
market value by the amount of the firm’s assets. 

12See the sources in fn. 1. My 1972, 1975, and 1979 
discussions present the logic of the models presented 
here. 
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explaining profitability by various measur- 
able elements of market structure. Both 
market share and (a modification of) con- 
centration are included, in a way which 
avoids any multicollinearity between the 
two.3 Two variables (the logarithm of asset 
size, and advertising intensity) reflect possi- 
ble entry barriers, while a sales growth vari- 
able filters out the effects of exogenous de- 
mand shifts. 

Market share emerges as the leading 
structural variable, with a .24 slope closely in 
accord with earlier tests. At a market share 
of 70 percent (the maximum included in 
these data), the implied rise in profit rate is 
by 17 points, from 7 to 24 points. In con- 
trast, the “Group” oligopoly variable has 
little significance. Absolute size has a nega- 
tive coefficient (marginally significant), prob- 
ably reflecting the problems of X-inefficiency 
that are endemic in large organizations. Ad- 
vertising intensity is highly significant, but 
its maximum increment to profits is only 5 
points. The constant term is significant at a 
reasonable level, suggesting a normal rate of 
return (in the absence of any market power) 
at about 7 percent. 

A direct overlap of market share and con- 


. centration ratios is presented in line 2, for 


comparison. Only market share’s role is 
changed from line 1, toward a lower value 
and significance. Since collinearity is present 
here but not in line 1, the results of line 1 are 
preferable. 

Line 3 adopts general estimates of entry 


- barriers (with dummy variables for “medi- 


um” and “high”), in places of size and ad- 
vertising intensity. These barrier dummies 
are rough estimates, and so line 3 is less 
reliable than lines 1 and 2 (as the lower R? 
attests). Line 3 suggests that high barriers 
can raise profit rates by up to 3 percentage 
points, but market share’s possible 17-point 
effect is over five times larger than that. 


13Market share and concentration are highly corre- 
lated, because a firm’s high market share will also raise 
the degree of concentration in the industry. To avoid 
this overlap, one can use concentration minus market 
share to represent the group of rivals. I first used this 
group variable in my 1972 paper; see also my later 
1975, 1979, and 1982 results, 
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TABLE 1— REGRESSION ANALYSIS OF PROFITABILITY AND q, 117 LARGE U.S. INDUSTRIAL CORPORATIONS, 1960~—69° 








Independent Variables 
Adver- 
Regres- Market Concen- Log of tising- Corrected 
sion Dependent Constant Share tration Group Asset Sales Medium High R? 
Number Variable Term M Cc (C-—M) Size Ratio Barriers Barriers Growth (F value) 
1 Profit +7.69 +0.24 +0.04 -0.56 +0.26 +0.51 0.573 
Rate (7) (3.21) (8.42) (1.55) (1.79) (3.98) (2.09) (32.18) 
ig q Ratio +1.09 +0.06 +0.01 —0.19 +0.09 +0.27 0.558 
(1.42) (7.05) (0.79) (1.94) (4.09) (3.48) (30.28) 
2 7 +769 +0.20 +0.04 —0.56 +0.26 +0.51 0.573 
` (3.21) (6.27) (1.55) (1.79) (3.98) (2.09) (32.18) 
2q q +1.09 +0.06 +0.01 —0.19 +0.09 +0.27 0.558 
(1.42) (5.64) (0.79) (1.94) (4.09) (3.48) (30.28) 
3 7 +3.77 +0.23 +0.02 +1.76 +2.99 +0.51 0.516 
(2.38) (6.71) (0.74) (1.88) (2.32) (1.95) (25.70) 
3q q —0.21 +0.07 +0.004 +0.26 +0.59 +0.27 0.475 
(0.41) (5.96) (0.41) (0.86) (1.40) (3.21) (21.96) 
4 r +9.28 +0.23 —0.52 +0.28 +0.53 0.568 
(4.26) (8.26) (1.66) (4.20) (2.16) (39.14) 
4q q +1.34 +0.06 —0.19 +0.09 +0.28 0.559 
(1.95) (7.13) (1.89) (4.25) (3.53) (37.82) 
5 T +7.49 +0.12 —0.67 +0.31 +0.96 0.428 
(2.70) (4.91) (1.85) (4.16) (3.52) (22.67) 
5q q +1.03 +0.03 —0.22 +0.10 +0.40 0.436 
(1.19) (3.90) (2.01) (4.30) (4.73) (23.44) 


*The t-ratios are shown in parentheses. Profitability is the rate of return on book equity. 


TABLE 2— REGRESSION ANALYSIS USING CHANGE IN MARKET SHARE INSTEAD OF GROWTH, 
LARGE U.S. CORPORATIONS, 1960-697 


Independent Variables 
Change in Corrected 


Regression Dependent Constant Market Concen- Medium High Market R? 
Number Variable Term Share tration Barrier Barrier Share (F value) 
117-Firm Panel (as in Table 1) 
1 m +3.95 +0.24 +0.03 +168 +292 +0.11 0.513 
(2.48), (7.25) (0.86) (1.78) (2.35) (1.78) (25.44) 
lq q —0.10 +0.07 +001 +021 +0.54 +0.07 0.477 


(0.18) (6.67) (0.64) (0.69) (1.29) (3.28) (22.15) 
Smirlock et al. Panel of 132 Firms 


2 7 -114 +0.18 +005 +0.70 -0.14 +5.38 > 
(0.36) (5.27) (1.48) (0.69 (0.10) (20) (11.72) 
2q 4 —2.60 +0.06 +0.01 +0.26 +0.38 +2.67 


6.5) G51) (1.05) (0.90) (0.95) (4.50 (17.06) 


* The t-ratios are shown in parentheses. A dash denotes not reported. 


Lines 4 and 5 fill out the coverage by rather than the firm’s being in a con- 
showing the separate partial roles of market centrated market. 
share and concentration. Concentration is Now I can turn to Smirlock et al.’s q ratio. 
highly significant (in line 5), but less so than To assess its contribution, consider alternate 
is market share. Evidently, it is the firm’s lines 1g through 5q. The results are similar; 
own market position that matters the most, market share’s primacy is affirmed. But high 
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barriers are no longer significant (in line 3q). 
Moreover the q intercept in line 3q is 
anomalous, at a negative .21. It should be 
near a positive value of 1.0; a zero market 
position should hold a firm’s market value 
close to its asset value, but never drive it 
down to negative values. The intercept is 
close to’ 1.0 in lines 1g, 24, 4q, and 5q 
(though in line 4q it is rather high at 1.34). 

Therefore the Smirlock et al. version of a 
q ratio gives similar patterns to 7, though 
with slightly looser fits. Apparently, inves- 
tors’ actions are correlated with accounting 
profit rates, and both are associated with 
market shares and other structural elements. 
There is no apparent gain from using a q 
ratio. 

Even so, the q ratio tests do fit other 
evidence about market share’s role. The .06 
coefficient in line 1g suggests that a 17-point 
rise in market share will double the q ratio. 
A dominant firm (at a 70 percent market 
share) has a predicted market value five times 
as large as its asset value. Such steep capital 
gains are a powerful reward (and incentive) 
in the endless struggles for market share. 
They help explain the intensity of the efforts 
and the primacy of market share as the 
operative variable. 

All this is in line with mainstream re- 
search. Without q, Smirlock etal.’s tests 
add nothing and, in fact, tend to create con- 
fusion. The trouble occurs because they 
1) used both market share and bare con- 
centration together, and 2) replaced the 
growth variable with the estimated change in 
market share (AM). 

Table 2 reproduces their coefficients (main- 
ly in line 2q), along with parallel re- 
sults from my 117 firms drawn from their 
132. Perhaps because it is a less reliable 
variable, AM causes bizarre results in line 
2q. Smirlock et al.’s q intercept is a neg- 
ative 2.60, and market share’s coefficient 
drops sharply below its well-established 
range. Barriers are not significant. The whole 
equation’s significance is much reduced. The 
retesting using my 117 firms (lines 1 and 1q) 
shows much less distortion, though the q 
intercept is aberrant at a negative .10. Bar- 
riers are significant in the profitability re- 
gression, but not with g. Apparently some 
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technical feature of AM or Smirlock et al.’s 
procedures caused peculiar results. Line 1 of 
Table 1 is the more appropriate basis for 
drawing any inferences about market power 
vs. efficiency. 

But it does not distinguish between the 
two, despite Smirlock et al.’s claim. Other 
research indicates that technical scale econo- 
mies are only a minor cause of the market- 
share-profitability association. Superior 
management or innovation may be at work, 
but their importance is an open question.» 
Smirlock et al.’s test simply does not provide 
evidence about that. In any event, domi- 
nance can provide market power greater than 
occurs from collusion. 

Therefore, the substantive issue of market 
power and efficiency remains open. As for 
the q ratio, it might supplement the careful 
use of profit rates, but it is far from a 
miracle measure. 


'4Scale economies in these firms rarely extend be- 
yond 10 percent market shares, and in many cases they 
are below 5 percent (Scherer). In a direct test of 85 firms 
drawn from my large-firm panel (including all those 
with market shares over 20 percent), scale economies 
accounted for only 5 to 15 percent of supranormal 
profits (see my 1982 paper). 

15Scherer’s thorough review (pp. 280-95) suggests a 
minor role. 
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Tobin’s q and the Structure-Performance Relationship: Reply 


By MICHAEL SMIRLOCK, THOMAS GILLIGAN, AND WILLIAM MARSHALL* 


In our earlier paper (1984), we attempted 
to test two alternative models of the sources 
of economic profits in major industrial cor- 
porations. The first model, which we referred 
to as the traditional hypothesis, is the clas- 
sical structure-conduct-performance theory 
pioneered by Joe Bain (1951) and others. 
The traditional hypothesis states that the 
persistence of economic profits is an indica- 
tion of allocative distortions and the result 
of elements of market structure that facili- 
tate collusion or otherwise retard the com- 
petitive process. The second theory, which 
we referred to as the efficient-structure hy- 
pothesis, is the differential efficiency theory 
posited by Harold Demsetz (1973), Sam 
Peltzman (1977) and others. The efficient- 
structure hypothesis argues that the per- 
sistence of economic profits is an indication 
of the relative efficiency of some firms and 
results from the possession of scarce skills or 
factors of production. 

The vehicle for the test of these two theo- 
ries was an ordinary least squares regression 
of a firm’s profitability (as measured by 
Tobin’s q) against the elements of market 
structure associated with the traditional hy- 
pothesis (concentration, entry barriers, and 
growth rates) and a variable that proxies a 
firm’s relative efficiency (the firm’s market 
share). The results of the estimation pro- 
vided strong support for the efficient-struc- 
ture hypothesis but only weak support for 
the traditional hypothesis. 

In his comment on our paper, William 
Shepherd has two criticisms of our analysis. 
He also conducts an econometric exercise. 
As discussed below, we find very little in his 
comment which either adds to or modifies 
the findings of our earlier paper. 


*Assistant Professor of Finance, Wharton School, 
University of Pennsylvania, Philadelphia PA 19104; 
Assistant Professor of Economics, California Institute 
of Technology, Pasadena CA 91125; and Associate Di- 
rector, Financial Strategies Group, Goldman, Sachs and 
Co., New York, NY 10004, respectively. 
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I. Interpretation of q and Market Share 


Shepherd’s first criticism involves the use 
of market share as solely a proxy for a firm’s 
relative productive efficiency. The differen- 
tial efficiency of firms can result in distribu- 
tions of market shares that deviate from 
those characterizing industries where all 
firms enjoy equal access to a homogeneous 
technology. Firms with superior efficiency 
through access to some Ricardian factor can 
experience higher market shares. Indeed, it is 
easy to show that under quite plausible con- 
ditions (that increases in the Ricardian fac- 
tor reduce marginal costs), the market share 
of the relatively efficient firm will be higher 
than its less fortunate competitor. Shepherd 
appears to agree with this point. He claims, 
however, that market share, like concentra- 
tion or entry barriers, is an element of market 
structure which “embodies [the firm’s] direct 
control over market transactions” (p. 1205). 
Market share, therefore, confers market 
power and motivates the observed correla- 
tion between it and firm profitability. Using 
market share as a proxy for a firm’s relative 
efficiency cannot, therefore, help differenti- 
ate the competing hypotheses. 

Shepherd argues that firms may obtain 
market power (and the opportunity for extra 
profitability) from their market positions and 
that the firm’s market share is one element 
of its position. In other words, market share 
and market power are directly correlated. 
However, even within the structure- 
conduct-performance paradigm, the relation- 
ship between market share and market power 
is. ambiguous. Shepherd (1972, p. 25) 
acknowledges the predictive impotence of 
the structure-conduct-performance paradigm 
regarding the relationship between market 
share and profitability. Outside the struc- 
ture-conduct-performance paradigm, the 
argument that there is a positive relationship 
between market share and market power 
becomes even more tenuous. The extreme 
case, of course, is a contestable market model 
where even a firm with the maximum market 
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share has no power to set prices above com- 
petitive levels. Many more intermediate 
models can be constructed to demonstrate 
the fragile relationship between market 
power and market share. A clearer specifica- 
tion of the sources of market power con- 
ferred by market share is required to justify 
Shepherd’s assertion. To assume that such a 
relationship exists is simply not tenable. 

The second criticism raised by Shepherd is 
concerned with the calculation of q and its 
validity as a measure of firm rents. Shepherd 
describes the market value of the firm used 
in calculating q as “fundamentally indirect 
and subjective’ and based on an implied 
capricious nature of market participants. In- 
deed he describes the stock market as often 
showing “bizarre movements” in prices. De- 
spite Shepherd’s assertions to the contrary, 
the vast majority of empirical evidence is 
consistent with the efficient market doctrine 
and supports the view that the market is the 
best method for assessing a firm’s value. 
Indeed, recent research has shown that stock 
market prices lead changes in real activity 
(and, by inference, future firm profitability). 

Any measure of firm rents must consid- 
er both the future stream of firm profits 
and the risk involved in that profit stream. 
q does this, while simple accounting profits 
do not. The benefits from using a measure of 
future profits and firm risk, such as q, justifies 
(at least to some extent) the assumptions 
used in calculating such measures. It is dif- 
ficult to see why current profits would be 
preferable, save for the fact that they are 
easily computed. 


TI. Analysis of the Shepherd Empirical Findings 


Shepherd also presents his own empirical 
results, which look very similar to our own. 
He uses market share (MS) and concentra- 
tion (C) in the same regression (with q or 7 
as the dependent variable) and finds that 
market share is positive and significant while 
in no case is the concentration variable sig- 
nificant. We find Shepherd’s empirical analy- 
sis, however, both confusing and flawed. 

First, Shepherd argues that any regression 
estimation of firm profitability that includes 
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both MS and C suffers from collinearity. 
Footnote 11 in our original paper deals ex- 
tensively with these issues, stating that vari- 
ous specifications yield similar results and 
that degrading collinearity is not a problem. 
Despite this, Shepherd is unconvinced. He 
claims to avoid collinearity between the MS 
and C by using the variables MS as G, 
where G is defined as (C — MS) in his equa- 
tions (1). Presumably, Shepherd believes G 
provides a correction for collinearity because 
it is uncorrelated with MS. 

To believe this simple transformation cor- 
rects for collinearity is incorrect, as any ele- 
mentary econometrics text will show. This 
should have been obvious from comparing 
his equations 1 to equations 2, the latter of 
which include C and MS, but not G. All the 
summary statistics for 1 and 2 are identical 
and all the coefficients and t-statistics on the 
independent variables (except MS) are the 
same. The coefficient and t-statistics on C in 
equation 2 is, of course, the same as on G in 
equation 1. The coefficient on MS in equa- 
tion 2 is simply the coefficient of MS less 
the coefficient on G in equation 1. Shepherd’s 
equations 1 and 2 are completely redundant 
and provide no correction for collinearity 
nor any additional insight. To argue that 
“since collinearity is present (in equation 2) 
but not in line 1, the results of line 1 are 
preferable” is simply wrong. 

Second, Shepherd claims that the higher 
R?’s associated with m over q suggest “no 
apparent gain from using a g ratio” (p.1209). 
To compare R*s across estimation with dif- 
ferent dependent variables is not appropriate 
and quite misleading (even when there is 
virtually no difference, as is the case here). If 
one wants to maximize R?, just choose a 
dependent variable with very little variation 
and let the intercept provide your explana- 
tory power (without knowing the variance of 
q and 7 in Shepherd’s sample, we can only 
note the significant intercept terms in his 7, 
but not his g, equations). 

Third, Shepherd is, in our opinion, over- 
zealous in his emphasis on the sign and 
magnitude of the intercept term. Unless there 
are any variable values close to zero, it is 
difficult to give much weight to the intercept 
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term since the standard error around it as a 
predictive value will be large. 

As a result of the above considerations, we 
do not believe Shepherd’s criticisms of our 
work are valid, nor do they provide theoreti- 
cal or empirical evidence that firms with 
high market share have market power. 
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Pechman’s Tax Incidence Study: A Note on the Data 


By EDGAR K. BROWNING* 


In his recent study (1985), Joseph Pech- 
man presents estimates of tax incidence by 
income classes for several recent years. This 
study basically updates the earlier work by 
Pechman and Benjamin Okner (1974), which 
developed estimates for 1966, using the same 
methodology but applying it to more recent 
data to generate estimates of tax burdens by 
income class for 1970, 1975, 1980, and 1985. 
This note points out some peculiarities in the 
underlying data which suggest there are seri- 
ous problems with the estimates for the later 
years. 

Pechman’s major results are displayed in 
Table 1. Panel A of the table gives average 
tax rates for each major tax by household 
income deciles in 1966, and panel B presents 
the estimates for 1980, both for incidence 
variant 1c.! (Ignore the last column in 
panel B for the moment.) As can be seen, the 
combined tax rate for the top decile is esti- 
mated to fall between 1966 and 1980 while it 
rises for the lowest decile. The ratio of the 
tax rate for the top decile to the tax rate for 
the bottom decile declines from 1.8 in 1966 
to 1.3 in 1980, a significant decrease in pro- 
gressivity, 

Pechman explains the diminished progres- 
sivity by noting that the relative importance 
of various taxes has changed since 1966: 
“The tax system became less progres- 
sive...primarily because the corporation in- 
come tax and the property tax declined in 
importance while more emphasis was placed 
on the payroll tax” (p. 10). Although it is 
true that there has been a change in the 
relative contribution of various taxes since 
1966, this change does not account for the 
decline in progressivity shown by the 1980 


*Department of Economics, Texas A&M University, 
College Station, TX 77843. 

Bight different sets of incidence assumptions were 
used in the Pechman study. Variant le tends to embody 
competitive assumptions regarding the response of the 
economy to taxes. 
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estimates. This is easily demonstrated by 
scaling up or down each decile’s 1966 tax 
rate due to each tax in proportion to the 
change in the overall tax rate for that tax 
between 1966 and 1980. (For example, since 
property taxes had fallen from 3.0 percent of 
total income in 1966 to 2.0 percent in 1980, 
we would take two-thirds of the 1966 rates, 
i.e., 1.4 percent for the lowest decile, as an 
estimate of the 1980 tax rate due to the 
diminished importance of the property tax.) 
The last column of panel B shows the results 
of these calculations, summed over all taxes. 
These figures suggest that if the only change 
since 1966 had been due to the change in the 
relative importance of various taxes, the tax 
system in 1980 would have been about as 
progressive as it was in 1966. 

Careful inspection of Table 1 clearly indi- 
cates that something else besides a change in 
the relative importance of taxes was respon- 
sible for the difference in results between 
1966 and 1980. Note in particular the change 
for payroll taxes (principally the Social 
Security tax). In 1966, the payroll tax rate 
was 2.6 percent for the lowest decile, but in 
1980 it is shown as having risen to 8.8 per- 
cent, an increase of 223 percent even though 
payroll taxes as a percent of total income 
rose by a scant 32 percent over this period. 
Even more puzzling is how the rate structure 
of the payroll taxes changed. In 1966, payroll 
taxes are shown as progressive up through 
the fifth decile and regressive at higher de- 
ciles, but in 1980 they are shown as regres- 
sive throughout the entire income distribu- 
tion. 

At this point it will be helpful to explain 
why other studies (as well as Pechman’s 1966 
estimates) have found payroll taxes to be 
progressive at the bottom of the income dis- 
tribution and regressive at the top.? The 


2See, for example, my study with William Johnson 
(1979) or Richard Musgrave, Karl Case, and Herman 
Leonard (1974). 
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TABLE 1—AVERAGE TAX RATES BY DECILES OF ADJUSTED FAMILY INCOME 


en a a e e a e e ee 








Personal 
Sales Property 
Individual Corporation and and Motor ` Total 
Population Income Income Property Excise Payroll Vehicle Total Taxes 
Decile Taxes Tax Tax _ Taxes Taxes Taxes Taxes (Adjusted) 
A. 1966 
1 11 1.7 2.1 8.9 2.6 0.4 16.8 
2 2.3 2.1 2.6 7.8 3.8 0.4 18.9 
3 4.0 2.2 2.6 71 5.4 0.4 21.7 
4 5.4 1.9 2.1 6.7 6.1 0.4 22.6 
5 6.3 1.7 1.8 6.4 6.3 0.3 22.8 
6 7.0 1.5 1.6 61 6.2 0.3 22.7 
7 15 . 16 17 5.7 5.8 0.3 22.7 
8 83 ` 1.8 1.8 5.5 5.4 0.3 23.1 
9 8.8 22 2.2 5.0 48 0.3 23.3 
10 11.4 8.1 5.1 3.2 2.2 0.2 30.1 
All Deciles 8.5 3.9 3.0 5.1 44 0.3 25.2 
B. 1980 - 
1 21 0.6 0.7 8.4 8.8 0.1 20.6 15.8 
2 3.8 0.5 0.7 7.0 8.3 0.1 ` 20.4 173 
3 5.3 0.7 0.9 5.9 7.6 0.1 20.6 21.2 
4 6.8 0.8 0.9 5.5 1:5 0.2 21.9 23.2 
5 8.0 0.9 1.0 51 TS 0.2 22.8 23.8 
6 8.8 0.9 12 49 . 72 0.3 23.3 24.2 
7 9.5 11 1.2 46 6.8 0.3 23.6 24.0 
8 11.0 12 13 45 6.7 0.3 25.0 24.5 
9 12.1 16 17 3.9 6.1 0.2 25.7 24.5 
10 13.4 5.0 3.5 21 3.2 0.1 27.3 28.7 
All Deciles 10.8 2.5 2.0 4.0 5.8 0.2 25.3 


Source: Pechman, Tables 4-10 and A-1, except for the Total Taxes (Adjusted) column which gives calculations by the. 


author. 


Social Security. payroll tax? is levied at a flat 
` rate on labor income up to a ceiling amount. 
For families with earnings below the ceiling, 
the tax is proportional to labor income but it 
need not be proportional to total income. 
For example, if the tax is 10 percent of 
earnings up to the ceiling, and a family 
receives 40 percent of its total income as 
earnings, the tax will be 4 percent of total 
income. Low-income families typically re- 
ceive a small percentage of their total in- 
comes in the form of earnings since govern- 
ment transfers are a large proportion of the 
total. (The before-tax income concept used 
in incidence studies generally counts trans- 


3 The payroll tax category includes, in addition to the 
Social Security payroll tax, unemployment insurance 
taxes. These taxes, which are structured similarly to the 
Social Security tax but at much lower rates and ceilings, 
are ignored in the discussion here. 


fers as part of before-tax income to be faith- 
ful to the Haig-Simons definition of income.) 
As we move up the income distribution, 
however, the proportion of income received 
as transfers typically falls, so the proportion 
of income received as earnings rises. This 
relationship implies the payroll tax rate will 
be increasing at low-income levels. At high- 
income levels, families increasingly have 
earnings above the ceiling and a larger share 
of income is in the form of capital income, 
so the payroll tax rate tends to decline. 

This discussion ‘suggests why the propor- 
tion of income received as labor income, 
capital income, and transfer income by each 
income class has important implications for 
the éstimated tax rates relative to total in- 
come. In an effort to see whether changes in 
the composition of income could explain the 
changes in Pechman’s estimated tax burdens 
between 1966 and 1980, I obtained detailed 
background tables giving data not included 
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` TABLE 2—SOURCE OF INCOME BY DECILES OF ADJUSTED FAMILY INCOME 
(Percentages) 
1966 1980 
Decile Labor Capital Transfer Labor Capital Transfer 
1 30.7 15.9 53.3 82.7 19 9.4 
2 42.4 19.7 38.0 74.5 8.2 17.3 
3 59.4 20.1 20.6 69.4 11.1 19.5 
4 71.0 16.5 12.5 70.1 12.3 17.6 
5 75.0 15.0 10.0 71.0 13:5 15.5 
6 78.0 13.8 8.2 71.2 15.3 13.5 
7 78.2 144 73 68.9 16.7 14.4 
8 78.2 14.9 6.9 70.0 17.5 12.5 
9 75.4 18.0 6.6 66.4 22.6 11.0 
10 51.5 42.9 5.6 44.2 48.5 7.3 


Source: Calculated from Tables E-21, E-32, and E-31, provided by Pechman. 


in the final monograph from Pechman. From 
these tables I calculated the proportions of 
income from each source for each decile in 
1966 and 1980; the results are shown in 
Table 2. According to these data, there has 
been a phenomenal change in the composi- 
tion of income over the period, especially for 
the lower-income classes. The share of labor 
income is shown to increase greatly for the 
lower deciles, the share of capital income has 
fallen sharply, and the share of transfer in- 
come has fallen even more dramatically. In 
addition, note that the share of income re- 
ceived as earnings was rising up to the sev- 
enth decile in 1966, but in 1980 the labor 
share tends to decline throughout the entire 
income distribution. 

These changes in the composition of in- 
come received by deciles make it easy to 
understand why the estimated tax rates dif- 
fer as they do between 1966 and 1980. With 
the labor share nearly tripling for the lowest 
decile, the increase in its payroll tax rate is 
easily understandable. Moreover, the regres- 
sivity of the payroll tax in 1980 can be seen 
to be the result of the labor share declining 
throughout the income distribution, rather 
than rising at the bottom as it did in 1966. 
Similarly, the very sharp reductions in cor- 
porate and property tax rates for the lower 
deciles are simply a reflection of the di- 
minished capital shares at these income 
levels. Thus, changes in the estimated com- 
position of income—and not changes in the 
relative importance of various taxes—appear 


to be largely responsible for the different 
results obtained in 1980. 

This brings us to the question of whether 
the composition of income really did change 
as drastically as Pechman’s data indicate. 
Let me focus primarily on the transfer share 
since the smaller transfer share for the lower 
deciles is largely responsible for their higher 
labor shares.* Note that the transfer share 
for the lowest decile is shown to fall from 
53.3 percent in 1966 to 9.4 percent in 1980 in 
Table 2. There are several reasons for doubt- 
ing that this actually occurred. First, be- 
tween 1966 and 1980, transfers as a per- 
centage of net national product more than 
doubled, rising from 5 to 11 percent. Since 
the most rapidly increasing transfers were 
those targeted on the poor, one would expect 
the transfer share of lower-income classes 
to rise, not fall, over this period. Second, 
Pechman’s 1966 data do not include in-kind 
transfers but his 1980 data do.> Since in-kind 
transfers totalled more than $75 billion in 


*Although space limitations preclude a discussion of 
all the peculiarities in the data, note should be taken of 
the ratios of capital to labor income in the various 
deciles. For example, for the lowest decile in 1966, 
capital income was 52 percent of labor income, but in 
1980 it is only 9.5 percent. Even more surprising, the 
1970 data (not shown here) have capital income 131 
percent of labor income for the lowest decile, but the 
fraction falls to 10 percent just five years later in 1975. 

>This is not stated in the monograph, but Pechman 
pointed this out in private correspondence. 
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TABLE 3—SOURCE OF INCOME BY DECILES 














Decile Labor Capital Transfers 

A. 1976 
1 26.0 >: 14.3 59.7 
2 34.3 10.9 54.8 
3 48.0 11.6 40.5 
4 61.0 11.5 27.5 
5 70.9 10.7 18.4 
6 77.2 10.2 12.6 
7 80.7 9.9 9.4 
8 81.5 10.6 7.9 
9 79.8 13.7 6.5 
10 55.7 40.0, 4.3 

B. 1980 Other 
1 13.1 9.0 77.8 
2 34.2 10.8 55.0 
3 55.7 12.0 32.3 
4 67.7 11.0 21.2 
5 75.1 10.0 15.0 
6 83.4 7.0 9.5 
7 85.7 7.7 6.6 
8 87.7 6.3 6.0 
9 89.4 6.4 4.2 
10 86.4 10.4 3.2 


Source: Panel A: myself and Johnson, Table 5; Panel B 
unpublished data from the Current Population Survey. 

“Includes interest, dividends, rents and royalties, 
estates and trusts, private pensions, alimony and child 
support, private financial assistance, and income not 
included elsewhere. 


1980, and are more concentrated on low-in- 
come families than cash transfers are, the 
inclusion of in-kind transfers in the 1980 
data should have reinforced the tendency for 
the transfer share to have risen for the 
lower-income classes. 

Finally, there are also some independent 
estimates of the importance of transfers by 
income level that cast doubt on Pechman’s 
data. Panel A, Table 3, gives estimates of 
decile income shares in 1976 from the 
Browning-Johnson tax incidence study. (It 
should be mentioned that our study used a 
comprehensive measure of income much like 
that employed in the Pechman study.) 
Transfers are estimated to be nearly 60 per- 
cent of the income of the bottom decile, and 
the transfer share declines as we move up the 
income distribution. (Note that in Pechman’s 
1980 data, the transfer share rises up through 
the third decile, and is higher than the bot- 
tom decile for every income class except the 
top one.) Since transfers continued to rise 
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rapidly in the late 1970’s, one would expect. 
the transfer share to be even higher by 1980. 

Panel B, Table 3, gives estimates of in- 
come shares by household money income 
deciles for 1980 from the Census Bureau’s 
Current Population Survey. Although the 
Census Bureau’s measure of income is nar- 
rower than Pechman’s, and includes only 
cash income (and cash transfers), the results 
are in general accord with the Browning- 
Johnson estimates. The transfer share is 77.8 
percent for the lowest decile and declines 
throughout the income distribution. Use of a 
broader income definition would tend to re- 
duce the transfer share, but inclusion of in- 
kind transfers would tend to increase it, so 
the net effect is not clear.”"® 

These factors lead me to believe that Pech- 
man’s data for 1980 greatly underestimate 
the transfer shares of lower-income classes, 
and correspondingly overestimate the labor 
shares. If this is so, it has important implica- 
tions for the estimated tax rates, both overall 
and for specific taxes. The exact implications 
will depend, of course, on the tax incidence 
assumptions that are used. For the competi- 
tive (Pechman’s variant lc) assumptions, a 
higher transfer share for any decile implies 
lower tax rates under individual income, cor- 
poration income, property, and payroll taxes, 


6I thank Gordon Green of the Bureau of the Census . 
for making this unpublished data available to me. 

7The Census Bureau reports that the lowest decile 
received $16.8 billion in in-kind transfers in 1980. Tak- 
ing these into account, the bottom decile received 87 
percent of its income in the form of cash and in-kind 
transfers. However, this figure is for the lowest decile of 
households as ranked by cash income only; the Census 
Bureau does not have estimates for rankings including 
cash and in-kind income. It should be mentioned that 
the Browning-Johnson and Pechman data are based on 
households ranked by income inclusive of all transfers. 

3One other bit of evidence relevant to this issue is 
provided by the Treasury Department’s Blueprints for 
Basic Tax Reform (1977). This study, undertaken to 
explore the possibilities of major tax reform using a 
consumption tax, developed a micro data base using a 
broad measure of family income for 1976. For the zero 
to $5000 economic income class, transfers were esti- 
mated to be 52 percent of economic income (Table 3). 
Since this income class contained more than 10 percent 
of households, the transfer share for the bottom decile 
would presumably be even higher. 
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because these taxes are allocated to labor 
income, capital income, or both, and a 
higher transfer share implies lower labor and 
capital income shares. For example, if the 
transfer share for the lowest decile in 1980 
was 65 percent instead of 9.4 percent, while 
the tax rates of these taxes applying to labor 
and capital income remain unchanged, the 
combined tax rate due to these taxes would 
fall from 12.2 percent to 4.7 percent of the 
total income of the lowest decile. Of course, 
the reductions would be smaller as we move 
up the income distribution, while for the 
higher-income classes, Pechman’s estimates 
understate the tax rates if the transfer shares 
are overstated at these income levels. Thus, 
if the actual transfer shares by income classes 
are similar to those reported in Table 3, 
Pechman’s 1980 results understate the pro- 
gressivity of the tax system for the variant 
1c incidence assumptions. 

To illustrate why the significance of the 
labor, capital, and transfer shares depends 
on incidence assumptions, consider sales and 
excise taxes. Pechman allocates these taxes 
in proportion to consumption outlays for 
each decile. Under this assumption, the 
sources of income are largely irrelevant (un- 
less the marginal propensity to consume 
varies with the source of income), so chang- 
ing the composition of income for each dec- 
ile would not affect estimated tax burdens 
for these taxes. On the other hand, I have 
explained elsewhere (1985; Browning-John- 
son) why I believe it is more appropriate to 
allocate sales and excise taxes in proportion 
to factor income. If that incidence assump- 
tion is used, changes in the composition of 
income imply changes in estimated sales and 
excise tax burdens. For example, a higher 
transfer share for the lowest decile then 
translates into a lower tax rate under sales 
and excise taxes. However, it is important to 
realize that the income composition error in 
Pechman’s data has significant implications 
for estimated tax rates of other taxes even if 
this analysis of sales and excise taxes is not 
accepted. Tax rates for any taxes that are 
allocated to labor or capital income, or both, 
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are affected when the shares of income from ` 
various sources are misestimated.? 


°A careful comparison of the original figures with 
those provided by Pechman in his response to this note 
shows that the new overall rates do display substantially 
greater progressivity than the original ones, and the 
changes in the pattern of corporate, property, and 
payroll tax rates is pronounced. Although the 
ad hoc adjustments that have been made do change the 
results in the proper direction, there are two problems 
with the adjustments that lead me to believe the tax 
rates for the lower deciles are still overstated. First, the 
1970 income shares are used as the basis for the adjust- 
ments. As I pointed out in fn. 4 above, the ratio of 
capital to labor income for the lowest decile is unac- 
ceptably high in the 1970 data. Since capital income is 
more heavily taxed than labor income, the result of 
overstating the capital share is to overstate the overall 
tax rate at the bottom. Note that, in his fn. 7, Pechman 
reports that the overall tax rate would be 2.5 percentage 
points lower for the bottom decile if the (more ap- 
propriate) 1966 shares are used. Second, the revised 
figures show the individual income tax rate for the 
bottom decile to have risen from 2.1 to 2.4 percent. 
Since the adjustments to the data increase transfers 
(which are not taxed under income taxes) and reduce 
factor income (which is partially taxed), it is difficult to 
see why the income tax rate did not fall. These two 
points suggest that the new estimates developed by 
Pechman have not fully taken account of the data 
problems I discussed. 
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Pechman’s Tax Incidence Study: A Response 


By JOSEPH A. PECHMAN* 


I am indebted to Edgar Browning for call- 
ing attention to some peculiarities of the 
data underlying the estimates in my 1985 
study. He is quite right that the ratios of 
transfer payments to income in the files for 
1975 and later years are inconsistent with 
the corresponding ratios in the 1966 and 
1970 files and in the Consumer Population 
Surveys, particularly in the lower part of the 
income distribution. 

I do not believe, however, that the baby 
should be thrown out with the bathwater, as 
Browning seems to suggest. I made available 
to him detailed data on the tax burdens of 
labor income, capital income, and consump- 
tion by income classes which provided a 
basis for revising my calculations for 1975 
and later years. Instead, he chose to draw 
inferences about the progressivity of U.S. 
taxes since 1966 on the basis of changes in 
the relative importance of the various taxes, 
which is not appropriate for this purpose. 
These inferences would be correct only if 
there were no changes in the structure of 
each tax and in the composition of income 
in the various income classes during the 
period studied (for example, if there were 
no changes in the progressivity of the indi- 
vidual income tax or in the distribution of 
dividends by income classes). 

It is straightforward to improve on this 
procedure. Where in the income distribution 
the share of transfer payments in total in- 
come is too low in 1975 and later years, the 
shares of labor and capital income are corre- 
spondingly high, and vice versa. To arrive at 


*The Brookings Institution, 1775 Massachusetts 
Avenue, N.W., Washington, D.C. 20036. I am grateful 
to Edgar Browning for helpful comments on an earlier 
version of this response, and to Charles E. Miles for 
programming the calculations. 

lIn fact, if this procedure were accurate, it would be 
necessary to prepare a MERGE file for only one year 
and then to project the incidence calculation for future 
years on the basis of changes in the relative importance 
of the various taxes used in the system. 
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more realistic estimates of the shares for 
labor, capital, and transfer income, I first 
applied the 1970 shares to adjusted family 
income in each income decile in 1975, 1980, 
and 1985, and then made proportional ad- 
justments in the columns and the rows alter- 
nately until they added to the correct totals.” 

The incidence calculations for 1980 based 
on the revised weights are given in table 1 of 
my study, which shows the effective rates of 
the major taxes by deciles.? These calcula- 
tions are based on the most progressive set 
of assumptions (variant lc) presented in my 
study. Variant lc assumes that the corpora- 
tion income and property taxes are borne by 
capital in general, the payroll tax by labor, 
consumption taxes by consumers, and the 
individual income tax by those who pay it. I 
believe that this variant more nearly reflects 
the present state of incidence theory than 
any of the other variants.‘ 


?The income shares can be thought of as a matrix 
whose row entries add up to adjusted family income for 
each decile, and whose column entries add up to total 
capital, labor, and transfer income, respectively. As 
might be expected, when the 1970 shares are applied to 
later years, the totals do not add up to the known totals 
of capital, labor, and transfer income (the columns). 
These amounts were then adjusted proportionately to 
equal the known totals. This step yields incomes in each 
decile (the rows) which differed from the known totals, 
and this difference was eliminated by a proportional 
adjustment. These adjustments were repeated alter- 
nately until the columns (the totals of the income shares) 
and the rows (the total adjusted family income in each 
decile) added up to the known totals. For a proof that 
there is a unique solution to this procedure, see Michael 
Bacharach (1970, ch. 4). We have found that four or five 
iterations will yield satisfactory results, but we actually 
used as many as twenty to obtain the revised weights. 

3I have not corrected the data base used in these 
calculations, because the costs would have been prohibi- 
tive. However, I believe that the adjustments of the 
weights for the various income shares described above 
provided a good approximation of the effective rates of 
the various taxes. 

* Browning agrees, but he would go further. He would 
allocate consumption taxes to factor income rather than 
to consumption (see his paper, 1985), but he has not yet 
persuaded the profession of his position. 
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The revised calculations for 1980 give 
much more plausible estimates not only of 
the distribution of payroll taxes, but of other 
taxes as well. As in previous years, the effec- 
tive payroll tax rate rises in the lower half of 
the income distribution, because transfer 
payments decline as a percentage of income; 
regressivity sets in thereafter. The U-shaped 
incidence by income classes of the corpora- 
tion income and property taxes is also re- 
stored.’ 

Changes in the overall progressivity of the 
tax system for the period covered by the 
MERGE files are shown in table 2 of my 
study on the basis of the revised estimates. 
The distinct reduction from 1966 to 1985 in 
the effective tax rates in the top part of the 
distribution shown in the original calcula- 
tions remains in the revised estimates. In 
1966, those in the top decile paid 30.1 per- 
cent of their incomes in taxes; by 1985, their 
tax burden had declined to 26.4 percent. In 
the top percentile, the decline was from 39.6 
percent to 25.3 percent. This was the result 
largely of the reductions in the corporation 
income tax and the decline in the impor- 
tance of the property tax during this period. 

On the other hand, the increase in tax 
burdens in the bottom part of the distribu- 
tion shown in the original data disappears in 
the revised data. Although the effective tax 
rate in the bottom decile increases between 
1966 and 1975, it declines between 1975 and 
1985. On balance, the large increase in the 
payroll tax from 1966 to 1985 is just about 
offset by the effect of the (revised) increase 


>The relatively high income tax ratios in the lower 
deciles are the results of the accrual concept of income 
used in the analysis. Employee compensation includes 
employer contributions to pension plans in the year 
contributed, but the tax is deferred until pension benefits 
are received. Since there is no income to correspond to 
the employer contribution in the year the pension is 
received, the effective tax rate of persons receiving pen- 
sions is relatively high. For a discussion of this and 
other reasons why effective rates based on an annual 
accounting period may be distorted, see my study (pp. 
48-50). 
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in transfer payments in the first decile and 
more than offset in the second. However, if 
families were classified by market incomes 
rather than income plus transfer payments, 
the increase in the tax burdens at the lower 
end of the distribution resulting from the 
higher payroll taxes would be pronounced.® 

Basically, the revised estimates show that 
there has been very little change in tax 
burdens throughout most of the income dis- 
tribution, except at the very top where tax 
burdens have declined sharply because of 
reduced taxes on capital.’ 

A set of the revisions for the key tables for 
1975, 1980, and 1985 is available on request. 


6The combined effect of transfer payments and taxa- 
tion on the distribution of market incomes is shown in 
my study (table 4-7 and figure 4). On the basis of this 
classification, the tax transfer system is highly progres- 
sive, because transfers add to incomes in the bottom 
part of the distribution while taxes subtract from them 
in the top part. Unfortunately, we did not tabulate the 
1966 and 1970 data by market incomes and therefore 
cannot make the comparison over the longer period 
1966-85. 

7Calculations using 1966 instead of 1970 income 
shares as weights raise progressivity for 1975, 1980, 
1985, but the change from 1965-85 remains relatively 
small except at the very top of distribution. On the basis 
of the 1966 weights, the 1985 effective tax rates increase 
from 14.5 percent in the bottom decile to 24.1 percent 
in the sixth decile, and 26.0 percent in the ninth decile, 
and then decline to 25.6 percent in the top decile, and 
25.2 percent in the top percentile. 
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Race and Human Capital: Comment 


By ROBERT A. MARGO* 


According to human capital theory, 
changes in the racial schooling gap are a key 
factor in the historical evolution of black- 
white male income ratios. In a recent paper 
in this Review (1984), James Smith points 
out a basic paradox in the human capital 
explanation. Race differences in years of 
schooling have diminished sharply and con- 
tinuously for male cohorts born in the 
twentieth century. Black-white male income 
ratios, however, rose only slightly in the ag- 
gregate before 1960. After 1960, the ratios 
increased appreciably. Smith resolves the 
paradox by constructing new estimates of 
the racial schooling gap for cohorts stretch- 
ing back to the Civil War, based on retro- 
spective educational attainment, data from 
the 1940 and subsequent censuses. Race dif- 
ferences in years of schooling widened among 
males born from 1886 to 1910, Additionally, 
the quality of black schooling fell relative to 
the quality of white schooling. Since these 
cohorts dominate the census occupation and 
income statistics until 1960, Smith claims the 
relative constancy of black-white income 
ratios until 1960 is consistent with the hu- 
man capital model. 

This comment challenges one of Smith’s 
conclusions. The increase in the racial 
schooling gap is shown to be spurious. 
Scholars often interpret census attainment 
data as a measure of years of schooling, but 
the data refer to highest grade completed. 
Historically, the average black pupil took 
longer than a single school year to complete 
a grade. Retention alone would not bias the 
census attainment data. Most blacks born 
in the late nineteenth century, however, 
were educated in ungraded schools. For 
them, census attainment data measure years 


*Associate Professor of Economics, Colgate Univer- 
sity, Hamilton, NY 13346, and National Bureau of 
Economic Research. I am grateful to Claudia Goldin, 
David Gray, and Paul Taubman for helpful comments. 
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of schooling, not grades. The shift from 
ungraded to graded schools took place 
throughout the period of educational retro- 
gression identified by Smith. It is the change 
from years to grades that causes black 
schooling levels to appear to lag behind white 
schooling levels. Consistent data show a con- 
tinuously decreasing racial schooling gap. 
Whatever the merit of Smith’s explanation, 
it cannot rest on census attainment data. 

' Beginning in 1890, the U.S. Bureau of the 
Census reported school attendance rates for 
narrow age groups (for example, ages 5 to 
9).1 I use these data to construct new esti- 
mates of average years of schooling in the 
following manner. Let p(/) = proportion of 
children of age j at school, a(e) = minimum 
age at entering school, and a( L) = maximum 
age at leaving school. I assume that a(e) =5 
and a(L)= 20, since attendance rates be- 
fore age 5 or after age 20 were negligible for 
the period. Because data are unavailable for 
single years of age, I also assume the age- 
specific attendance rates are equal to the 
average attendance rate for the relevant age 
group.” The sum Lj=a¢e) p(/) estimates av- 
erage years of schooling.3 Empirically, the 
number of students who skip a grade is less 
than the number who fail the grade. Hence 
average years of schooling should exceed 
average highest grade completed. 

Table 1 presents the cohort-specific esti- 
mates of years of schooling. According to 
my calculations, the racial schooling gap fell 
from 3.8 years among 1886-90 cohorts to 
2.5 years among 1906-10 cohorts. According 


Attendance data are taken from U.S. Bureau of the 
Census (1943a, pp. 37-38). 

2 The bias arising from this assumption is very small. 
See my paper (1986b, fn. 7). 

I use attendance data for the census years 1890 to 
1930. The p( j) are linearly interpolated between census 
years. Estimates of years of schooling are constructed 
by following each cohort as it ages. For example, the 
1891 cohort enters school in 1896 and leaves in 1911. 
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TABLE 1—THE BIAS IN EDUCATIONAL ATTAINMENT, 
MALE COHORTS, 1886-1910 


Years of Highest Years per 

Cohort Schooling Grade Grade 
1886-90 

White 8.7 1.1 1.13 

Black 49 4.7 1.05 

Difference 3.8 3.0 0.08 
1891-95 

White 9.0 8.2 1.10 

Black 5.5 5.0 1.10 

Difference 3.5 3.2 0.0 
1896-1900 

White 9.5 8.7 1.09 

Black 6.4 5.4 1.19 

Difference 3.1 3.4 —0.10 
1901-05 

White 9.9 9.2 1.08 

Black 7.2 5.7 1.26 

Difference 2.7 3.5 —0.16 
1906-10 

White 10.5 9.7 1.08 

Black 8.0 6.3 1.27 

Difference 2.5 3.4 —0.17 


Source: Years of schooling, see text; Highest grade: 
Smith (Table 4, p. 688); Years per grade = years of 
schooling /highest grade. 

Note: Figures are cohort-specific averages. 


to census attainment data, the racial school- 
ing gap increased from 3 to 3.4 years. The 
two series flatly contradict each other.* 
Which series is correct? Dividing my 
estimate of years of schooling by census 
attainment gives the number of years neces- 
sary to complete a grade. For white males, 
years per grade averages 1.1, with a slight 
downward trend. For black males, years per 
grade rises sharply over time. Among black 
males born from 1886 to 1890, it is 1.05, 0.08 
years less than for whites. Among black 
males born from 1906 to 1910 it is 1.27, 
considerably higher than the white figure. 
According to Finis Welch (1973), black 
children in the early twentieth century took 
approximately two years to finish the first 
grade. Assuming they took somewhat more 
than a year per grade (but less than two 
years) to complete the remainder, 1.27 years 
per grade overall is not unreasonable. But 


4Results for females are similar, and are available 
from the author. 
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the black figure for the 1886-90 cohorts— 
1.05 years per grade—is simply too low, not 
just absolutely, but relative to whites.’ 

Either my estimates of years of schooling 
for late nineteenth-century black cohorts are 
biased downward or the census attainment 
figures are biased upward. The available evi- 
dence suggests four reasons why census at- 
tainment data are at fault.® If education and 
mortality were negatively correlated, individ- 
uals surviving to 1940 would have high- . 
er average schooling levels than the aver- 
age member of their birth cohort (Evelyn 
Kitagawa and Phillip Hauser, 1973; Sherwin 
Rosen and Paul Taubman, 1979). As school- 
ing norms increase, individuals may over- 
state their true attainment, a bias known as 
educational creep (Edward Denison, 1962). 
My procedure is based on direct cohort- 
specific evidence; it is not affected by 
mortality or creep bias. Nevertheless, allow- 
ing for mortality or creep bias cannot fully 
explain the errors in the census schooling 
figures (see my 1986b paper). 

Educational standards may have risen in 
black schools relative to white schools.’ It 
seems odd, though, that relative standards 
would have improved at the same time 
the relative quality of black schools was get- 


3 Data on age-specific months of school attendance in 
1890 and 1900 show that if census attainment data are 
to be believed, black males bom from 1886 to 1890 
could complete a grade in 31 percent fewer months than 
white males (see my 1986b paper). The apparent relative 
efficiency of black students is inconsistent with the 
poorer quality of black schools and with socioeconomic 
factors such as poverty and adult illiteracy that severely 
hindered black school performance (see my 1986a 
paper). 

®Black school attendance may have been underre- 
ported in 1890 and 1900, although the Census Bureau 
believed the bias was small (see U.S. Bureau of the 
Census, 1918, p. 378). Reasonable adjustments for bias 
(for example, estimating attendance rates in 1900 by 
extrapolating backwards at the rate of growth prevailing 
from 1910 to 1920) do not change the substantive 
results. Details are available from the author on request. 

7 The black attendance rate ages 5 to 20 increased by 
29 percentage points from 1900 to 1930. The enrollment 
of less able students may have caused years per grade 
for blacks to rise. The problem with this argument is the 
white attendance rate also rose from 1900 to 1930 (by 
18 percentage points), yet years per grade for whites fell 
slightly (see Table 1). 
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ting worse. Furthermore, changing standards 
raises an index number problem. Which set 
of standards do we use for racial compari- 
sons? My calculations show the choice of a 
standard—specifically, years per grade— 
does not matter for whites. The choice 
matters a great deal for blacks. But as long 
as a constant standard is used to transform 
years to grades for blacks, the racial school- 
ing gap decreases over the period. For exam- 
ple, if a middle-of-period standard (1.19 years 
per grade) is used, the racial schooling gap is 
3.6 years (7.7—(4.9/1.19)) for the 1886—90 
cohorts and 3.0 years (9.7-(8/1.19)) for the 
1906-10 cohorts.® 

There is, however, a much simpler ex- 
planation for the bias. The Census Bureau 
asked for highest grade completed, but real- 
ized that many individuals had attended un- 
graded schools. For such people, enumera- 
tors recorded the “number of years the 
person attended school.”? Comprehensive 
national data are unavailable, but there is no 
doubt that ungraded schools were more 
common in the South, especially in black 
school districts. In Texas, for example, 89 
percent of black schools in 1900 were un- 
graded.’° The transition from ungraded to 
graded schools took place fairly rapidly after 
the turn of the century, and although an 
exact date cannot be determined, seems to 
have been completed by World War I. Blacks 
entering school after 1910 were educated in 
graded schools, but the previous generation 
was not. Adjusting for changes in definition 
shows that, whether measured by years or 
grades, the racial schooling gap must have 


® Using a constant standard understates the reduction 
in the racial schooling gap over time since it does not 
adjust for increases in the length of the school year in 
black schools relative to the national average (see my 
1986b paper). 

°*For example, a pupil attending school from age 6 to 
age 12 would give his attainment as 6 years, which 
would be recorded as the sixth grade. To avoid overstat- 
ing schooling levels among individuals who attended 
ungraded schools, enumerators were supposed to trans- 
form years to grades whenever possible, but my calcula- 
tions suggest few did so in practice. See U.S. Bureau of 
the Census (1943b, p. 178). 

10 Calculated from data in Superintendent of Public 
Instruction, State of Texas (1900, pp. 71-85). 
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fallen among cohorts born from 1886 to 
1910. 

This comment has shown the divergence 
in racial schooling levels emphasized by 
Smith is a consequence of biases in census 
attainment data. Decreases in the relative 
quality of black schooling, as Smith and 
others have pointed out, were deep and pro- 
longed.'! Whether these changes in relative 
quality are sufficient to reverse my findings 
remains to be seen. 


See my 1985 book for quantitative evidence on race 
differences in school quality at the turn of the century. 
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Race and Human Capital: Reply 


By James P. SMITH* 


To arrive at a tenable interpretation of 
black history, it is important to resolve the 
conflict between my measure—retrospective 
years of schooling completed—and Robert 
Margo’s measure—prospective accumulation 
across ages of cohort-specific attendance 
rates. My series reconciled the apparent in- 
consistency between the stagnant pre-1940 
black-white income ratios and what scholars 
had previously thought was a steady narrow- 
ing of racial education differences. Margo’s 
series not only would restore that incon- 
sistency, but also would rewrite a little his- 
tory itself, since it implies that the first two 
decades of this century witnessed an unprec- 
edented boom in black education. If Margo 
is right, economists should hesitate to use 
(for racial comparisons) the education data 
in the recently released 1940 and 1950 census 
micro files. If I am right, historians, forced 
by data availability to rely heavily on school 
attendance rates to track educational ad- 
vances, may have seriously misrepresented 
between-group comparisons. Since our two 
series could hardly be more different, and 
both are free from computational errors, 
which is right? 

In this reply, I make three basic points: 1) 
Reporting biases in census school atten- 
dance data distort the true school-accom- 
plishment profiles of cohorts; 2) school 
attendance rates are inherently biased mea- 
sures of racial differences in school comple- 
tion; and 3) the reasons for blacks’ less rapid 
schooling advances are largely independent 
of whether southern black schools changed 
from an ungraded to a graded system during 
these years. 

The Census historical series on school at- 
tendance contains two reporting biases. The 


*Senior Economist, The Rand Corporation, 1700 
Main Street, Santa Monica, CA 90406. Financial sup- 
port from the National Science Foundation and the 
research assistance of Judith Fischer are gratefully 
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relatively minor one concerns the truncation 
at age 20, which systematically understates 
the true growth in white male education. In 
1930, 16 percent of 20-year-old white men 
attended school during the previous year. 
Among the birth cohorts under dispute here, 
the proportion of white men who attended 
college almost doubled, from 9 to 17 per- 
cent. Since his attendance series stops at age 
20, Margo ignores most of the white male 
gains at the college level. 

The more damaging reporting bias in- 
volves a temporary switch in the census 
school attendance question. At all censuses 
prior to 1890 and after 1900, the question 
was whether the respondent attended school 
during the previous year. In 1890 and 1900, 
however, respondents were only asked the 
number of months they attended school. 
Those who reported a month were coded by 
the census as school attendees. The serious 
comparability issues that resulted were aptly 
summarized by the Bureau of the Census: 


It is undoubtedly true that in many 
cases the fact that a certain person has 
attended school during the preceding 
years may be known, while the number 
of months of his attendance at school 
may be unknown, especially when the 
person interviewed is not the one to 
whom the information apply. In such 
cases, enumerators would often be dis- 
posed to leave the answer blank, rather 
than to enter the fact of attendance 
stating that its duration was unknown. 
The returns for 1910 are therefore 
doubtless more complete than those of 
1900 and the apparent increase in the 
proportion attending school for 1910, 
as compared with 1900, as given in 
Table 12, is due in part—probably in 
large part—to the greater accuracy of 
the returns. [1913, p. 1104] 


It is very likely that the largely illiterate, 
rural, southern black parents found it dif- 
ficult to answer this revised census atten- 
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dance question accurately. The consequences 
of the revision are apparent in the time-series 
trends. After black school attendance rates 
jumped sharply—from 9.2 percent in 1870 
to 33.3 percent in 1880—they actually 
dropped to 31.1 percent and 29.6 percent in 
the next two censuses with the revised ques- 
tion. With the return of the original question 
in 1910, black attendance rates jumped 
sharply to 43.6 percent and rose to 53 per- 
cent in 1920. 

The 1890 and 1900 revised question clearly 
resulted in a substantial understatement of 
school attendance during those years, a bias 
that affects the birth cohorts at issue un- 
equally. For example, Margo’s 1886-90 years 
of schooling are almost completely derived 
from the underreported 1880 and 1890 
census numbers, while his 1906-10 birth 
cohort’s schooling did not use these two 
censuses at all. Because the very substantive 
issue under debate concerns irregularity of 
the timing of black schooling advances dur- 
ing these decades, the magnitude of the bias 
in Margo’s series is unknowable. However, if 
we take as an extreme the census conjecture 
that the increase in school attendance for 
both races was due to misreporting, 60 per- 
cent of Margo’s reported 1.3 rise in black 
schooling could be due to census reporting 
biases in the school attendance question.' 

Although census reporting bias is im- 
portant, adjusting for it does not fully recon- 
cile the two series. The second problem is 
that Margo needs a great deal more informa- 
tion to correctly map from attendance rates 
to school completion. Although he labels his 


1 Margo would then have calculated, for the 1886-90 
cohort, 6.81 (black) and 10.03 (white) years of schooling 
(a difference of 3.2 instead of his reported 3.7). His new 
numbers for the 1906-10 birth cohort are 10.81 and 8.8, 
so that the relative black gain across these cohorts 
would be 0.49 years instead of his reported 1.3 years. 
These revised numbers also include a small adjustment 
for the age 20 truncation. Contrary to Margo’s conten- 
tion, this bias has a differential racial impact even when 
the reporting bias affects both races. The example in the 
text assumes that the increase in school attendance for 
both races between 1890 and 1910 was due to reporting 
bias. To the extent that blacks were differentially 
affected, a larger proportion of Margo’s reported rise in 
black schooling is a consequence of reporting bias. 
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series “years of schooling,” it literally is the 
average number of years that cohorts were 
enrolled in school for at least a day. To 
translate into years of schooling completed, 
one must also know enrollment by grade as 
well as grade retention rates. In his com- 
ment, Margo correctly states that grade re- 
tention alone would not bias my census 
attainment data. But grade retention does 
bias his attendance-based series by over- 
stating black schooling advances relative 
to whites. If y is the average number 
of enrolled years it takes to complete a 
grade, education completed would be 
weap (J)/y--s) Margo’s secular change in 
schooling should be scaled down by the 
race-specific y’s. As long as there existed 
race differences in grade retention rates, a 
fact that nobody disputes, even racially neu- 
tral advances in school attendance rates 
would result in larger white male gains in 
education completion. Consequently, the 
more rapid black improvements in school 
attendance, reported by Margo, are not nec- 
essarily inconsistent with more rapid white 
improvements in grade completed. 

We simply do not know enough about 
historical trends in grade retention to map 
school attendance into grade completion. 
Finis Welch’s (1976) rough estimates imply 
average grade retention rates of 1.54 for 
blacks and 1.21 for native whites, a race 
difference that does not seem unreasonable.” 
Applying these retention rates to Margo’s 
series would by itself reduce his estimate of 
the black gain over whites to 0.6 of a year. If 
we then add in the impact of reporting bias, 
Margo’s relative black gain would be less 
than 0.2 of a year (instead of his 1.3 years 
reported). 

This bias is present even if retention rates 
were constant across cohorts. But Welch 
(1973) also presents evidence that black re- 
tention rates rose over this period. For first 
graders, retention rates among those born in 
1888 were 1.37; by the birth year 1909 they 
rose to 1.96. This spectacular jump in reten- 


2I evaluated Welch’s numbers at the mean grade 
completion levels for the 1886-90 birth cohort in 
Table 1. 
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TABLE 1—MEAN SCHOOLING LEVELS BY BIRTH COHORT 
Birth All pia nore Born in South Born in North 
Cohort Whites Blacks Whites Whites Whites Blacks Whites Blacks 
1951-55 13.31 12.81 13.37 12.23 - 12.90 11.94 13.56 12.54 
1946-50 13.37 11.75 13.41 12.45 12.77 11.50 13.69 12.24 
1941-45 13.34 11.47 13.40 12.29 12.63 11.19 13.75 12.15 
1936-40 12.66 10.68 12.72 11.56 11.91 10.36 13.11 11.71 
1931-35 12.52 10.17 12.58 11.43 11.62 9.79 13.05 11.50 
1926-30 12.05 9.24 12.08 11.44 11.02 8.75 12.55 11.94 
1921-25 11.97 8.77 12.01 11.33 10.89 8.36 12.49 10.76 
1916-20 11.36 7.80 11.37 10.99 10.22 7.37 11.84 10.41 
1911-15 10.90 7.16 10.92 10.58 9.75 6.78 11.41 9.84 
1906-10 10.46 6.58 10.55 9.78 9.29 5.21 11.09 9.29 
1901-05 9.46 5.80 9.60 8.57 8.56 5.46 10.07 8.21 
1896-1900 8.97 5.56 9.27 7.58 8.27 5.20 9.68 8.02 
1891-95 8.40 5.00 8.86 6.72 7.86 4.68 9.27 7.64 
1886-90 7.89 4.65 8.45 6.28 7.45 4.33 8.86 7.26 
1881-85 7.62 4.33 8.12 6.25 7.10 3.96 8.53 7.23 
1876-80 7.40 4.01 7.83 6.16 6.83 3.77 8.26 6.51 
1871-75 7.24 3.72 7.61 6.07 6.48 3.55 8.08 5.79 
1866-70 7.10 3.39 7.43 6.23 6.45 3.26 7.78 4.71 
Pre-1865 6.81 2.62 7.11 6.06 6.02 2.42 7.49 4.52 


tion is not surprising, as it coincides in tim- 
ing with the reduction in the quality of black 
southern schools. Less than a 5 percent secu- 
lar increase in black grade retention rates 
(well below these estimates) would com- 
pletely eliminate the remaining relative black 
gain in the Margo series. My point is not 
that reasonable retention numbers exist that 
would map Margo’s series into mine, al- 
though that is certainly true. Rather, without 
knowing these retention parameters, creating 
a grade completion series from school atten- 
dance rates can be treacherous. 

In his comment, Margo offers one sub- 
stantive argument on why my series might 
be biased: the change from añ ungraded to a 
graded system in the South. While one might 
want more documentation on timing and 
magnitude than reference to a single south- 
ern state, Margo’s emphasis on events in the 
South misrepresents the historical processes 
at work. To see this, Table 1 presents revised 
estimates of average schooling completed, by 
five-year birth cohorts.? To clarify the forces 


3My original series used published census data for 
the 1940 and 1950 censuses, the 1979 Current Population 
Series, and the 1960 and 1970 census micro files. My 


at play, I also list mean schooling levels for 
native-born and foreign-born whites and by 
region of birth for both races. To isolate 
differential secular trends, Table 2 lists race 
differences in school completion for each 
birth cohort. 

One major historical force was foreign 
immigration. During the first fifteen years of 
this century, 13 million immigrants came to 
the United States, but then foreign immigra- 
tion dropped precipitously. The calendar 
years 1901-15 intersected with the peak 
15-24 ages of immigration for the 1886—90 
cohort, but our 1906-10 birth cohort com- 
pletely missed the heavy immigration years. 
As a result, the proportion of foreign-born 
whites dropped sharply across these birth 
cohorts, from 25 to 10 percent (see the third 
column of Table 2). Margo’s prospective 
series, unfortunately, leaves out most of the 
foreign born.* The uneven impact of im- 





revised series substitutes the recently released micro 
data files for the 1940, 1950, and 1980 censuses. In all 
other respects the construction of my revised series is 
identical to that described in my earlier paper. 

*To illustrate, among the 1886-1900 cohort, the 
percentage of white men who were foreign born were 


1228 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1986 


TABLE 2— RACIAL DIFFERENCES IN MEAN SCHOOLING LEVELS 
(Additional years of schooling of whites) 





Percent Native- Percent Blacks 
Native Born Born Born Southern 

All Bom Whites in South in North Born 
1956-60 0.71 = 0.77 95.2 0.57 0.72 59.1 
1951-55 1.13 1.23 94.8 0.95 1.02 64.4 
1946-50 1.61 1.68 95.1 1.27 1.45 67.8 
1941-45 1.86 1.98 94.6 1.44 1.60 73.9 
1936—40 1.98 2.09 94.6 1.55 1.40 77.9 
1931-35 2.35 2.45 94.6 1.83 1.55 78.2 
1926-30 2.80 2.85 95.5 2.27 1.51 79.1 
1921-25 3.20 3.26 94.9 2.53 1.73 82.7 
1916-20 3.55 3.61 95.8 2.85 1.43 87.4 
1911-15 3.74 3.80 93.7 2.96 1.57 88.9 
1906-10 3.88 4.01 90.4 3.08 1.80 89.3 
1901-05 3.67 3.86 86.2 3.10 1.86 89.4 
1886-1900 3.41 3.78 82.6 3.07 1.66 89.9 
1891-95 3.40 3.92 78.4 3.18 1.63 90.7 
1886-90 3.25 3.86 74.4 3.13 1.60 91.6 
1881-85 3.29 3.90 73.5 3.14 1.31 91.4 
1876-80 3.40 3.87 74.7 3.06 1.75 92.0 
1871-75 3.52 3.92 76.0 2.94 2.29 93.1 
1866-70 3.71 4.06 72.7 3.19 3.00 93.0 
Pre-1865 418 4.49 - 3.60 2.97 - 





migration on these birth cohorts can be seen 
by comparing the native born and all white 
columns in Tables 1 and 2. Across our dis- 
puted birth cohorts, native whites gained 
only 0.15 of a year of schooling more than 
blacks, in contrast to the 0.6 of a year net 
gain for all whites. 

Three-quarters of my relative white edu- 
cation gain, therefore, reflected foreign im- 
migration. Immigration accelerated the 
across-cohort rise in white male education, 
because the weight assigned to the more 
highly educated native-born whites increased 
rapidly during these years. Table 1 also dem- 
onstrates that the education of foreign-born 
whites expanded sharply, substantially nar- 
rowing their disparity with native-born 


4.5 (ages 10-14), 17.9 (ages 20-24), 22.5 (ages 30-34). 
By the 1906-10 cohort, the corresponding percentages 
were 3.5, 7.8, and 7.7. Margo’s series includes only the 
youngest immigrants. The complications introduced by 
immigration are a major disadvantage of Margo’s pro- 
spective measure, compared with my retrospective edu- 
cation. Because his series is dominated by the native 
born, his series would have been almost identical if he 
had limited it to native-born whites. 


whites. The better education opportunities in 
America imparted clear schooling benefits 
for the foreign born. Only 18 percent of 
immigrants in the 1886-90 birth cohort were 
domestically educated, compared with al- 
most one-half the immigrants in the 1906-10 
birth cohort.° 

Events in the North, and not the South, 
drive my remaining white education gains. 
Table 2 indicates that racial differences were 
basically stable for those born in the South, 
but expanded slightly for the northern born 
during the retrogression era. The key histori- 
cal event was an acceleration of schooling in 
the North, not an attenuation of black 
schooling in the South. 

In the North, the principal development 
was the spread of the public high school on a 
wide scale. By the 1916 birth cohort, more 
than 8 in 10 white male elementary graduates 
continued in school and 60 percent would 
earn their high school diplomas—almost 
double the rates that existed 30 years earlier 


5 This is a rough estimate, calculated by taking the 
ratio of numbers of foreign born at ages 10-14 to those 
foreign born at ages 40-44. 
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(see my earlier paper). If we gave black men 


the whites’ region-specific increases in edu-- 


cation, during the retrogression era, white 
male schooling would still have risen a 
quarter of a year more than black schooling 
did. Consequently, my relative white educa- 
tion gains can be fully explained by two 
unique historic events: immigration and the 
expansion of the northern high school. 
Neither event was affected by any transition 
from ungraded to graded schools in the 
South. . : 

My emphasis should not be misconstrued 
as an argument that political events in the 
South had no impact on black schooling. 
Tables 1 and 2 do indicate that these were 
still difficult years for black education in 
the South. Black-white education differences 
were stable during the retrogression era, in 
sharp contrast to the substantial education 
advances southern blacks would subsequent- 
ly enjoy. Indeed, I would interpret Margo’s 
expanding black attendance rates relative to 
my more stable racial differences in attain- 
ment as an additional barometer of the de- 
teriorating quality of black schooling. If one 
consequence of the deteriorating quality was 
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increasing black grade retention, one must 
find rising relative black attendance coexist- 
ing with stable race differences in grade 
completed. 
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-= NOTES 


The annual meeting of the American Economic 
Association will be held in New Orleans, Louisiana, 
December 28—30, 1986. 

The Professional Placement Service will be located at 
the Sheraton New Orleans Hotel. It will be open from 
10:00 a.m. to 5:00 P.M., December 27; 9:00 A.M. to 5:00 
P.M., December 28-29; and 9:00 A.M. to 12:00 noon, 
December 30. 


Call for Papers for the 1987 AEA Meetings 


Members wishing to give papers or make suggestions 
for the program for the meetings to be held in Chicago, 
IL, December 28-30, 1987, are invited to send their 
ideas to Robert Eisner, Department of Economics, 
Northwestern University, Evanston, IL 60201. As in the 
past, the sessions sponsored by the American Economic 
Association will be of two types: invited papers and 
contributed papers. Most of the invited papers will be 
published in the Papers and Proceedings issue to appear 
May 1988, the contributed papers will not be so pub- 
lished. Suggestions of topics or proposals for papers for 
the invited sessions should be submitted as soon as 
possible. Abstracts of proposed contributed papers must 
be received no later than February 1, 1987. Econometric 
studies or highly mathematical papers are not ap- 
propriate for the sessions sponsored by the American 
Economic Association, However, members wishing to 
present such papers may submit their proposals or 
abstracts to the Econometric Society which meets with 
the American Economic Association, and normally 
schedules a number of sessions involving such papers. 


The Luxembourg Income Study (LIS) has gathered 
in one central location (The Center for Population, 
Poverty and Policy Studies in Luxembourg), and made 
comparable, several recent large microdata sets that 
contain comprehensive measures of income and eco- 
nomic well-being for a set of modern industrialized 
welfare states. Because of the breadth and flexibility 
afforded by the microdata, researchers are free to make 
several choices of perspective (definition of unit: family, 
household, etc.; measure of income: earnings, after tax 
and transfer income, etc.; and population to be studied: 
males, females, urban families, elderly households, etc.) 
within the same research paper. This microdata set 
creates a potentially rich resource for comparative ap- 
plied research in economics and public policy. The LIS 
databank currently covers Australia, Britain, Canada, 
Germany, Israel, Norway, Sweden, and the United 
States, with France, Netherlands, and Switzerland soon 
to be added. A copy of the User Guide and further 
information can be obtained by writing either Professor 
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Tim Smeeding, Economics and DSSR; 2120 Annex; 
University of Utah; Salt Lake City, UT 84112, or 
Professor Lee Rainwater, Sociology; 530 Wm. James 
Hall; Harvard, University; Cambridge, MA 02138. 


The 1987 annual meeting of the Eastern Finance 
Association will be held April 22-25, in Baltimore, 
Maryland. Address program inquiries to Gershon N. 
Mandelker, Graduate School of Business, Mervis Hall, 
University of Pittsburgh, Pittsburgh, PA 15260, and 
local arrangement inquiries to Robert Schweitzer, Col- 
lege of Business and Economics, Department of Busi- 
ness Administration, Newark, DE 19716. 


The Center for Education and Research in Free 
Enterprise at Texas A&M University and the Walter 
Eucken Institute, Freiburg, Germany, will jointly spon- 
sor a program, “The Hayek Symposium on Knowledge, 
Information, and Competition,” to be held June 20-23, 
1987, in Freiburg. Participation will be by invitation 
only and limited to twenty scholars. Preference for 
presenting papers will be given to research in progress 
by assistant and associate professors. Selected papers 
will be published in The Hayek Symposium Series. All 
travel and hotel expenses will be paid by the cospon- 
sors. For more information, write to Dr. Steven Pejovich, 
The Center for Free Enterprise, 459 Blocker, Texas 
A&M University, College Station, TX 77843, or The 
Hayek Symposium, Walter Eucken Institute, Goethe- 
strasse 10, Freiburg Im Breisgau, West Germany. 


Call for Papers: The research annual, Advances in 
Econometrics (JAI Press), is soliciting papers in the 
areas of Robust and Nonparametric Statistical In- 
ference, to be published in 1988. Send abstracts no later 
than March 1, 1987, to either editor: Professor George 
F. Rhodes, Jr., Department of Economics, Colorado 
State University, Fort Collins, CQ 80523; Professor 
Thomas B. Fomby, Department of Economics, South- 
ern Methodist University, Dallas, TX 75275. 


Call for Papers: The Conference on U.S.—Asia Eco- 
nomic Relations, sponsored by the Committee on Asian 
Economic Studies (CAES) will be held June 21-24, 
1987, in Hong Kong, in cooperation with the Chinese 
University of Hong Kong. Papers on Asian economic 
studies, especially intercountry research and U.S.—Asia 
economic interaction are invited. Abstracts (200 words) 
must be received no later than January 31, 1987. Invited 
conferees will be provided accommodations for four 
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nights and food for conference days only. Contact 
Professor M. Jan Dutta, Director, CAES, Department 
of Economics, Rutgers University, New Brunswick, 
NJ 08903. 


Call for Papers: Siena College is sponsoring a 
multi-disciplinary conference on the 50th anniversary of 
World War IL. The focus is 1937—however, papers 
dealing with broad issues of earlier years are welcome. 
Contact Thomas O. Kelly II, Head, Department of 
History, Siena College, Loudonville, NY 12211. 


Call for Papers: The University of Florida is sponsor- 
ing a new student-run and faculty-edited journal: Jour- 
nal of Law and Public Policy. For full information, or to 
submit papers, please write to the Editors, JL&PP, 
College of Business Administration, University of 
Florida, Gainesville, FL 32601. 


Call for Papers: The first National Conference of the 
Association for the Study of Food and Society (ASFS) 
will be held April 1-3, 1987, at Michigan State Univer- 
sity in East Lansing. The theme is “Solving Global 
Food Problems: A New Beginning.” Scholars in all 
disciplines are invited to send abstracts (or completed 
papers) no later than January 1, 1987, to Professor Bill 
Whit, President, ASFS, Department of Sociology, 
Aquinas College, Grand Rapids, MI 49506 (telephone 
616 + 459-8281, ext. 217). 


Call for Papers: The International Society for Inven- 
tory Research will hold a conference on the Economics 
of Inventory Management at Wesleyan University, June 
16-18, 1987. For further information, contact Michael 
C. Lovell, Department of Economics, Wesleyan Univer- 
sity, Middletown, CT 06457. 


The National Association of Forensic Economists 
will publish a journal, The Journal of Forensic Econom- 
ics, twice a year. For more information, write the Na- 
tional Association of ‘Forensic Economists, P.O. Box 
30067, Kansas City, MO 64112. 


The Census Bureau’s third annual Research Con- 
ference will be held March 29-April 1, 1987, in Bal- 
timore, Maryland. The theme is “Improving the Quality 
of Survey Results.” For full information, contact Carolee 
Bush, Office of the Director, Bureau of the Census, 
Washington, D.C. 20233 (telephone 301 + 763-4900). 
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The annual Congress of the International Institute of 
Public Finance, “Public Finance and Performances of 
Enterprises,” will be held August 24-28, 1987, in Paris, 
France, and will be their semicentennial. The Chairman 
of the Program Committee is Professor Manfred Neu- 
mann, University of Erlangen-Niirnberg, Lange Gasse 
20, D 8500 Niirnberg, West Germany. For further in- 
formation, contact IPF President: Karl Roskamp, IIPF, 
Saar University, D 6600 Saarbrücken 11, West Germany. 


The Society for Historians of the Early American 
Republic will hold its annual meeting, July 16-18, 1987, 
at the Temple University City Center in Philadephia. 
The Program Chair is Dr. James B. Stewart, Macalester 
College, St. Paul, MN 55105; the Secretary-Treasurer is 
James H. Broussard, Lebanon Valley College, Annville, 
PA 17003. 


The American Antiquarian Society (AAS) offers 
short- and long-term Visiting Research Fellowships for 
June 1, 1987 to May 31, 1988. The National Endow- 
ment for the Humanities (NEH) Fellowships are for six 
to twelve months, with a maximum stipend of $27,500. 
The NEH Fellowships may not be awarded to degree 
candidates or for study leading to advanced degrees. 
NEH Fellows must devote full time and may not hold 
any other major fellowships, except sabbaticals or other 
grants from their own institutions. Short-term Peterson 
Fellowships are from one to three months, with a maxi- 
mum stipend of $700 per month. They are open to 
individuals at work on doctoral dissertations, who are 
engaged in research and writing on any field in Ameri- 
can history and culture through 1876. For the same 
stipend are two Frances Hiatt Fellowships for one or 
two months’ graduate work at the AAS. Also offered 
jointly with the Newberry Library in Chicago are 
short-term fellowship programs. The deadline for re- 
ceipt of applications is January 31, 1987. Full informa- 
tion and forms should be requested from John B. Hench, 
Associate Director for Research and Publication, AAS, 
185 Salisbury Street, Worcester, MA 01609 (telephone 
617+ 752-5813 or 617 + 755-5221). 


The Center for International Affairs, Harvard Uni- 
versity, announces the Harvard Academy for Interna- 
tional and Area Studies. The Academy consists of senior 
and junior scholars dedicated to training in area studies. 
The Academy’s junior scholars will be known as Ira 
Kukin Scholars. The senior scholars will act as mentors. 
Applications for the 1987-88 class of Ira Kukin 
Scholars are due by February 13, 1987, and must in- 
clude: a copy of each graduate transcript; a statement 
not to exceed 1,000 words of the applicant’s research 
and intellectual objectives over the next two years; a 
statement of how this particular appointment will con- 
tribute to the applicant’s career goals, not to exceed 500 
words; a current curriculum vitae, including biography; 
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and three letters of recommendation. Send all materials 
to Dr. Chester Haskell, Executive Officer, Center for 
International Affairs, 416B Coolidge Hall, 1737 Cam- 
bridge Street, Cambridge, MA 02138 (telephone 617+ 
495-2965). 


Harvard University’s Center for International Affairs: 


and Center for European Studies, in collaboration with 
the Ford Foundation, announces dissertation and post- 
doctoral support for research on the relationship be- 
tween European society and Western security. This 
program places special emphasis on major policy issues 
and alternatives facing Europeans in the field of secur- 
ity, broadly defined, and the internal factors that in- 
fluence European choices among these alternatives. The 
centers are particularly interested in building bridges 
among the social sciences and between European stud- 
ies and strategic/defense studies. Fellows selected will 
spend the 1987-88 academic year at the Centers. The 
Dissertation Fellowship carries a stipend of $11,000 and 
the Postdoctoral Fellowship a stipend of $22,000. The 
deadline for applications is February 17, 1987. For 
more information, contact Fellowship Office, Room 402, 
Center for International Affairs, Harvard University, 
1737 Cambridge Street, Cambridge, MA 02138 (tele- 
phone 617 + 495-1669). 


The Thornton D. Hooper Fellowship Competition 
seeks to promote original research on issues affecting 
U.S. and international security matters. The selected 
applicant will spend a year in residence at the Foreign 
Policy Research Institute, beginning fall 1987, and will 
receive a stipend commensurate with his or her experi- 
ence. Applicants should submit copies of three publica- 
tions (or writing accepted for publication), a curriculum 
vitae, three letters of recommendation, and a 6-page, 
double spaced research proposal. Fellows must have 
received or be about to receive a doctoral degree, or 
have equivalent experience. The deadline is February 
16, 1987. Submit applications to Hooper Fellowship 
Competition, Foreign Policy Research Institute, 3508 
Market Street, Suite 350, Philadelphia, PA 19104. 


The P.W.S. Andrews Memorial Prize of £300 is 
awarded annually for an essay within the general field 
of Industrial Economics and Theory of the Firm, broadly 
interpreted. Entry is open to those under age 30 (or 
within 8 years of taking a first degree). The essay, 
written in English, and not exceeding 10,000 words, 
should be original research by the candidate only, not 
previously published, and not previously awarded any 
other prize. The winning essay may be published in the 
Journal of Industrial Economics. The deadline is Decem- 
ber 31. Details are available from Miss B. Cox, Univer- 
sity House, University of Lancaster, Bailrigg, Lancaster, 
LAI 4YW, England, or the General Editor, JIE, In- 
stitute of Economics and Statistics, University of Ox- 
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ford, St. Cross Bldg, Manor Road, Oxford, OX1 3UL, 
England, or the North American Editor, New York 
University, Graduate School of Business, 90 Trinity 
Place, New York, NY 10006. 


Pre- or postdoctoral graduate students are invited to 
submit papers (no longer than 35 pages, double spaced) 
for the 1987 Dorothy S. Thomas Award competition, 
established by the Population Association, in the fields 
of internal migration or the interrelationships ‘among 
social, economic, and demographic variables. The award 
is $1,500. Five copies of the paper (and nominating 
letters sent directly from the references) should be sent 
to Julie DaVanzo, The Rand Corporation, 1700 Main 
Street, Santa Monica, CA 90406, and must arrive no 
later than January 15, 1987. 


The annual dissertation competition sponsored by 
the American Real Estate and Urban Economics As- 
sociation in cooperation with the Homer Hoyt Advance 
Studies Institute will award one or more doctoral disser- 
tation prizes of $2,000 in the field of real estate and 
applied urban or land economics. For full particulars, 
contact the chairman of the Dissertation Review Com- 
mittee: Professor John B. Corgel, Department of Real 
Estate, College of Business, Georgia State University, 
Atlanta, GA 30303. 


A conference, “Private Sector Involvement in Health 
Care: Implications for Access, Cost, and Quality,” will 
be held at SRI International, April 9-10, 1987, at 
Menlo Park, California. The conference is supported by 
Project Hope, University of California-Berkeley, Medi- 
cal College of Virginia, and SRI International. For 
further information, contact Nelda McCall, Director, 
Health Policy Research, SRI International, 333 
Ravenswood Avenue, Menlo Park, CA 94025 (telephone 
415 + 859-3679). 


The 1987 annual meeting of the Urban Affairs As- 
sociation will be held in Akron, Ohio, April 22-25. The 
theme is Cities in Transition. For further information, 
contact Mary Helen Callahan, Executive Director, UAA, 
University of Delaware, Newark, DE 19716 (telephone 
302 + 451-2394). 


The editors of Social Philosophy & Policy announce 
that Volume 6, issues 1 (“Capitalism”) and 2 (“‘Social- 
ism”), are open to unsolicited manuscripts. For full 
information, write to John: Ahrens, Managing Editor, 
SP&P, Social Philosophy and Policy Center, Bowling 
Green State University, Bowling Green, OH 43403. 
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The Center for Russian and East European studies, 
University of Michigan, announces a grant from the 
Andrew W. Mellon Foundation to offer one or more 
postdoctoral fellowships in any area of Russian and 
East European studies. The stipend is $18,000 and may 
be used in lieu of salary or in conjunction with other 
fellowship awards or research grants. Fellows must be 
in residence in Ann Arbor for the major portion of their 
fellowship terms, and participate in Center activities. 
The deadline for applications is February 15, 1987. 
Please submit a full curriculum vitae, a statement of 
current research and teaching interests, and a proposal 
describing how these interests would be pursued under 
an award. Submit these and three letters of recom- 
mendation directly to Roman Szporluk, Director, Center 
for Russian and East European Studies, University of 
Michigan, 208 Lane Hall, Ann Arbor, MI 48109. 


The Institute of American Cultures at UCLA offers 
fellowships to support study of Afro-Americans, 
American Indians, Asian Americans, or Chicanos. The 
stipend for graduate fellowships is $10,000 per year plus 
registration fees and out-of-state tuition, if applicable. 
This fellowship is available to applicants who have 
applied to or are enrolled at UCLA. Postdoctoral fel- 
lowship stipends are $20,000-$25,000 per year. For 
further information and applications, contact the Fel- 
lowship Director of the appropriate ethnic center at 
UCLA, Campbell Hall, Los Angeles, CA 90024: Center 
for Afro-American Studies, RM 3111; American Indian 
Studies Center, RM 3220; Asian American Studies 
Center, RM 3232; Chicano Studies Research Center, 
RM 3121. 


Call for Papers: The Social Science Quarterly solicits 
manuscripts in economics which are directed to profes- 
sional economists, and yet of interest to other social 
scientists. Brief research notes are encouraged, and 
papers longer than 30 pages are not acceptable. Submit 
4 copies to Charles M. Bonjean, Editor, SCQ, W. C. 
Hogg Bldg, University of Texas, Austin, TX:78713. 


New Journal — Call for Papers: The Korea Interna- 
tional Economic Association announces publication of 
an academic, general purpose, refereed periodical: In- 
ternational Economic Journal. Send manuscripts to Pro- 
fessor Wontack Hong, Managing Editor, IEJ, Depart- 
ment of International Economics, Seoul University, 
Seoul 151, Korea, or to Professor Young Chin Kim, 
Department of Economics, Northern Illinois University, 
DeKalb, IL 60115. 


Call for Papers: Studies in Economic Analysis is a 
biannual, refereed, student-edited journal soliciting re- 
search articles. The submission fee is $4.00 for nonsub- 
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scribers. Send manuscripts to the Editors, SEA, Depart- 
ment of Economics, College of Business Administra- 
tion, University of South Carolina, Columbia, SC 29208. 


Call for Papers: A Risk Theory Seminar will be held 
April 23-25, 1987, at the University of Texas, Austin. 
Persons interested in participating should send a de- 
tailed outline of their proposed presentation to Profes- 
sor Emilio Venezian (RTS Secretary), Department of 
Business Administration, Rutgers University, Bradley 
Hall, Newark, NJ 07102, or Professor S. Travis Pritchett 
(RTS Chairperson) College of Business Administration, 
University of South Carolina, Columbia, SC 29208. The 
deadline is December 15, 1986. 


Call for Papers::- The Association for Canadian Stud- 
ies in the United States (ACSUS) will hold its biennial 
meeting at the Bonaventure Hotel in Montreal, October 
8-10, 1987. Panels will be organized on all aspects of 
Canadian studies and U.S.—Canadian relations. To par- 
ticipate, send an abstract (150 words) to Professor 
Charles Doran, Program Chair, ACSUS ’87, Canadian 
Center, School of Advanced International Studies, Johns 
Hopkins University, 1740 Mass. Ave., NW, Washing- 
ton, D.C. 20036. A copy of the abstract should also 
be sent to ACSUS, One Dupont Circle, Suite 620, 
Washington, D.C. 20036. The deadline is February 1, 
1987. 


The National Center for Food and Agricultural Policy 
at Resources for the Future announces its 1987 Leader- 
ship Development Program. The four-week program 
offers up to 25 fellowships to qualified young profes- 
sionals from business, government, education, farming, 
and agricultural organizations. Each Fellow carries out 
a self-directed study of a policy topic, as well as attend- 
ing seminars and workshops, plus meetings with key 
decision makers. For full information and application 
materials, contact John J. Kornacki, National Center 
for Food and Agricultural Policy, Resources for the 
Future, 1616 P Street, NW, Washington, D.C. (tele- 
phone 202 + 328-5056). ; 


American Statistical Association/NSF/Census 
Bureau Research Fellowships and Associateships begin- 
ning around September 1, 1987; positions at Census 
Bureau for one year or shorter period. General areas for 
research are economic measurement and analysis, social 
and demographic studies, and statistical methodology 
and computing. Requirements: for Fellows, Ph.D. and 
research record in relevant field (economics, statistics, 
demography, sociology); for Associates, at least two 
years graduate study in relevant field. Salaries are com- 
mensurate with qualifications and experience; fringe 
benefits and travel allowance are also provided. Apply 
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by January 1, 1987 for Fellows; February 15, 1987 for 
Associates. For full information, contact Dr. Arnold 
Reznek, Coordinator, ASA/NSF/Census Research 
Program, RM 3524-3, SRD, Bureau of the Census, 
Washington, D.C. 20233 (telephone 301 + 736-3846). 


The Law and Economics Center of the George Ma- 
son University School of Law (formerly at Emory) 
administers its Law Institute for Economists in May or 
June, 1987. The two-week course provides an intensive 
introduction to the American legal system, ‘its institu- 
tions, research methods, and procedures. Participants 
receive full tuition, private rooms, most meals, and 
books. For exact dates and application forms, contact 
Assistant Dean Marc Hoberman, George Mason Uni- 
versity, Law School/LEC, 3401 N. Fairfax Drive, 
Arlington, VA 22201. The deadline is in January, 1987. 


Cail for Papers: The 1987 meeting of the History of 
Economics Society will be held June 20-22 at the 
Harvard Business School Campus in Boston. Proposals 
to deliver papers and to be a discussant should be sent 
no later than December 30, 1986 to President-Elect 
Donald A. Walker, Department of Economics, Indiana 
University of Pennsylvania, Indiana, PA 15705. 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that are 
concerned with the humanistic aspects of their disci- 
pline are eligible to apply for small travel grants of the 
American Council of Learned Societies. Financial assis- 
tance is limited to airfare between major commercial 
airports and will not exceed one-half of projected econ- 
omy-class fare. Social scientists and legal scholars who 
specialize in the history or philosophy of their disci- 
plines are eligible if the meeting they wish to attend is 
so oriented. Applicants must hold a Ph.D. degree or its 
equivalent, and must be citizens or permanent residents 
of the United States. To be eligible, proposed meetings 
must be broadly international in sponsorship or par- 
ticipation, or both. The deadlines for application to be 
received in the ACLS office are: for meetings scheduled 
between July and October, March 1; for meetings 
scheduled between November and February, July 1; for 
meetings scheduled between March and June, Novem- 
ber 1. Please request application forms by writing di- 
rectly to the ACLS (Attention: Travel Grant Program), 
228 East 45 Street, New York, NY 10017, setting forth 
the name, dates, place, and sponsorship of the meeting, 
as well as a brief statement describing the nature of 
your proposed role in the meeting. 
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Deaths 


Harold Davey, professor emeritus of economics, Iowa 
State University, April 19, 1986. 
Martin P. Oettinger, senior lecturer, department of 


© economics, University of California-Davis, April 15, 


1986. 

Daniel H. Saks, professor of educational policy, 
George Peabody College for Teachers, and professor 
of economics, Vanderbilt University, January 14, 1986. 


Retirement 


Edward G. Emerling: professor emeritus of econom- 
ics, St. Bonaventure University, September 1986. 

Daniel M. Holland: Sloan School of Management, 
Massachusetts Institute of Technology, June 30, 1986. 

Roland T. Mullins: professor of economics and 
finance, Arkansas State University, May 1986. 

Richard J. Solie: professor of economics, University 
of Alaska-Fairbanks, January 1986. 

James R. Street: Rutgers-The State University, June 
30, 1986. 

Anthony M. Tang: professor of economics, Vander- 
bilt University, July 1, 1986. 


Foreign Scholars 


Ingo Boebel, University Erlangen-Nurnberg: visit- 
ing associate professor, Center for Political Economy, 
Washington University, January-April 1987. 

Ben-Zion Zilberfarb, Bar-Ilan University: visiting 
professor of economics, Vanderbilt University, Au- 
gust 1, 1985. 


Promotions 


Christine E. Amsler: assistant professor of econom- 
ics, Michigan State University, September 1986. 

Kathryn H. Anderson: associate professor of eco- 
nomics, Vanderbilt University, September 1, 1986. 

David L. Baumer: associate professor, North Caro- 
lina State University, August 16, 1986. 

Vivian Bull: professor of economics, Drew Univer- 
sity, September 1986. 

Richard V. Burkhauser: professor of economics, 
Vanderbilt University, September 1, 1985. 

Christine M. Cumming: research officer and senior 
economist, financial markets department, Federal Re- 
serve Bank of New York, January 1, 1986. 

Fred Curtis: associate professor of economics, Drew 
University, January 1986. 

John C. Dutton: associate professor, North Carolina 
State University, August 16, 1986. 

John R. Finlay: associate professor of economics, 
Wilfrid Laurier University, July 1, 1986. 

Ronald C. Fisher: professor of economics, Michigan 
State University, July 1986. 

Jose Garcia-Medrano: vice president and economist, 
Bank of America, June 1, 1986. 

John H. Goddeeris: associate professor of econom- 
ics, Michigan State University, July 1986. 
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Melvin L. Greenhut: professor of economics, Texas 
A&M University, June 1986. 

Willene A. Johnson: manager, foreign exchange de- 
partment, Federal Reserve Bank of New York, July 1, 
1986. 

Muhammed Kabir: associate professor of economics, 
University of New Brunswick in Saint John, July 1, 
1986. 

Charles R. Knoeber: professor, North Carolina State 
University, August 16, 1986. 

Terrence J. Levesque: associate professor of econom- 
ics, Wilfrid Laurier University, July 1, 1986. 

Douglas J. McCready: professor of economics, 
Wilfrid Laurier University, July 1, 1986. 

Esfandiar Maasoumi: professor of economics, Indi- 
ana University-Bloomington, July 1, 1986. 

Allan S. Mandel: assistant director, Financial Assis- 
tance Program, U.S. Small Business Administration, 
December 1985. 

Paul L. Menchik: professor of economics, Michigan 
State University, July 1986. 

Joseph Pelzman: professor of economics, George 
Washington University, July 1, 1986. 

J. Rex Pulley: professor of economics, Arkansas 
State University, August 1986. 

James F. Rodgers: director, Center for Health Policy 
Research, American Medical Association, November 
1985. 

Rosalind S. Seneca: professor of economics, Drew 
University, September 1986. 

Yeung-Nan Shieh: associate professor of economics, 
University of Alaska-Fairbanks, September 1986. 

F. Bruce Simmons III: associate professor, depart- 
ment of management, University of Akron, Septem- 
ber 1, 1986. 

Steven M. Wiggins: associate professor, department 
of economics, and Center for Education and Research 
in Free Enterprise, Texas A&M University, January 
1986. 

David E. Wildasin: professor of economics, Indiana 
University-Bloomington, July 1, 1986. 


Administrative Appointments 


Jean W. Adams: acting associate dean, College 
of Sciences and Humanities, Iowa State University, 
1986-87. 

Carson W. Bays: chair, department of economics, 
East Carolina University, August 20, 1986. 

Otis W. Gilley: head, department of economics, Uni- 
versity of Alaska-Fairbanks, July 1986. 

Robert W. Jolly: assistant dean, College of Agricul- 
ture, and assistant director, Agricultural Experiment 
Station, Iowa State University. 

Henry G. Manne, Emory University: dean, School of 
Law, and director, Law and Economics Center, George 
Mason University, July 1, 1986. 

S. Mestelman: chairman, department of economics, 
McMaster University, July 1, 1986. 

Larry Peppers, Creighton University: dean, School 
of Commerce, Economics, and Politics, and professor of 
economics, Washington and Lee University, July 1, 
1986. 
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Frank A. Sloan: chairman, department of economics, 
Vanderbilt University, June 1, 1986. 

Robert Stuart: chairman, department of economics, 
Rutgers-The State University, July 1, 1984. 


New Appointments 


John Ambrose, Ohio State University: visiting lec- 
turer, department of economics, University of Michi- 
gan, September 1, 1986. 

Richard T. Baillie, University of Birmingham, 
England: associate professor of economics, Michigan 
State University, September 1986. 

Michael R. Baye: assistant professor, department of 
economics, Texas A&M University, September 1985. 

Clive Bell: professor of economics, Vanderbilt Uni- 
versity, August 1, 1986. 

Linda Bell: economist, domestic research depart- 
ment, Business Conditions Division, Federal Reserve 
Bank of New York, November 4, 1985. 

Carole Biewener, University of Massachusetts-Am- 
herst: visiting assistant professor of economics, 
Washington and Lee University, July 1, 1986. 

David Cushman: visiting assistant professor of eco- 
nomics, Vanderbilt University, January 1986—June 1987. 

Lawrence R. Dale, West Texas State University: 
associate professor of economics, Arkansas State Uni- 
versity, August 1986. 

Gary Arthur Dymski, The Brookings Institution: 
assistant professor, University of Southern California, 
fall 1986. 

David W. Emmons: economist, department of medi- 
cal practice, American Medical Association, May 1986. 

Robert C. Feenstra: associate professor, department 
of economics, University of California-Davis, July 1, 
1986. 

James D. Gaisford: lecturer, department of econom- 
ics, Wilfrid Laurier University, July 1, 1986. 

Ira A. Gang, Cornell University: assistant professor 
of economics, Rutgers-The State University, September 
1986. 

Dermot J. Hayes: adjunct assistant professor, depart- 
ment of economics, Iowa State University, March 1, 
1986. 

Raj K. Chhikara: assistant professor, department of 
economics, Iowa State University, March 1, 1986. 

Alvin E. Headen, Jr., American Medical Association: 
assistant professor, North Carolina State University, 
August 16, 1986. 

Mark Herander: visiting associate professor of eco- 
nomics, Vanderbilt University, 1986-87. 

James B. Hunt, Jr.: adjunct professor, North Carolina 
State University, July 1, 1986—-June 30, 1987. 

George G. Judge, University of Illinois: professor, 
department of agricultural and resource economics, 
University of California-Berkeley, July 1, 1986. 

Avery Katz, Harvard University: assistant professor, 
department of economics, and adjunct assistant profes- 
sor, Law School, University of Michigan, September 1, 
1986. 

Ronald D. Kneebone: lecturer, department of eco- 
nomics, Wilfrid Laurier University, July 1, 1986. 
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James Leitzel: assistant professor of economics, 
Vanderbilt University, August 1, 1986. 

Stanley J. Liebowitz, University of Chicago: associ- 
ate professor, North Carolina State University, August 
16, 1986. 

Robert R. Logan, University of Iowa: assistant pro- 
fessor of economics, University of Alaska-Fairbanks, 
September 1986. 

Gabriel A. Lozada: assistant professor, Texas A&M 
University, September 1986. 

David A. Malueg, University of Iowa: economist, 
Economic Regulatory Section, Antitrust Division, 
U.S. Department of Justice, June 1986. 

Akbar Marvasti, Louisiana State University: visiting 
assistant professor of economics, East Carolina Univer- 
sity, August 20, 1986. 

Edwina A. Masson, Michigan State University: as- 
sistant professor of economics, Rutgers-The State Uni- 
versity, September 1986. 

Janet Mitchell, Northwestern University: assistant 
professor, University of Southern California, fall 1986. 

Edward B. Montgomery, Carnegie-Mellon Univer- 
sity: associate professor of economics, Michigan State 
University, September 1986. 

Swati Mukerjee, Boston University: assistant profes- 
sor, department of economics, Trinity University, 
August 1986. 

Samuel L. Myers, Jr., Graduate School of Public and 
International Affairs, University of Pittsburgh: profes- 
sor of Afro-American studies and economics, University 
of Maryland, July 1, 1986. 

Randall Parker, University of Kentucky: assistant 
professor of economics, East Carolina University, 
August 20, 1986. 

Peter Rappoport: economist, domestic research de- 
partment, Business Conditions Division, Federal Re- 
serve Bank of New York, December 30, 1985. 

James Reitzes: economist, international research de- 
partment, Industrial Economies Division, Federal Re- 
serve Bank of New York, December 4, 1985. 

Richard Roehl, University of Michigan-Dearborn: 
visiting professor, department of economics, University 
of Michigan, September 1, 1986. 

Clifford Russell: professor of economics, Vanderbilt 
University, August 1, 1985. 

Todd Sandler, University of South Carolina: profes- 
sor, department of economics, Jowa State University, 
June 1986. 

Mohammed A. Shibli, Boston University: assis- 
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tant professor, department of business administration, 
Stonehill College, September 1986. 

Bernard Smith, Yale University: instructor of eco- 
nomics, Drew University, September 1986. 

Michael Smitka, Yale University: assistant professor 
of economics, Washington and Lee University, July 1, 
1986. 

Janet G. Stotsky, Stanford University: assistant pro- 
fessor of economics, Rutgers-The State University, Sep- 
tember 1986. 

Russell Stout, Jr.: visiting associate professor, de- 
partment of economics, Iowa State University, Decem- 
ber 15, 1985. 

Pravin K. Trivedi, Australian National University: 
professor of economics, Indiana University-Blooming- 
ton, January 1987. 

Kenneth Weiller: economist, international research 
department, Industrial Economies Division, Federal Re- 
serve Bank of New York, February 19, 1986. 

Eugene N. White, University of Ilinois-Urbana: 
associate professor of economics, Rutgers-The State 
University, July 1, 1986. 

Richard J. Wilke: economist, Health Resource Anal- 
ysis, American Medical Association, September 1985. 

Glenn A. Woroch, University of Rochester: senior 
member technical staff, GTE Laboratories, Inc., May 
1986. 

Lester Zeager, University of Pittsburgh: assistant 
professor of economics, East Carolina University, 
August 20, 1986. 


Resignations 


Lourdes Beneria, Rutgers-The State University: 
Cornell University, June 30, 1985. 

Stephen Bronars, Texas A&M University, September 
1986. 

Peter Calkins, Iowa State University: Laval Univer- 
sity, February 28, 1986. 

Roger Dahlgran, Iowa State University: University 
of Arizona-Tucson, October 1985. _ 

Steven L. Green, Vanderbilt University: Baylor Uni- 
versity, August 1986. 

Woo Sik Jung, Vanderbilt University: University of 
Kansas, August 1985. 

Marc A. Miles, Rutgers-The State University, June 
30, 1986. 

Harris Schlesinger, Vanderbilt University: University 
of Ilinois-Urbana. 


VOL. 76 NO. 5 NOTES 1237 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, use the following style: 


A. Please use the following categories (please—do not send public relation releases): 


1—Deaths 6—New Appointments 

2—Retirements 7—Leaves for Special Appointments (NOT Sabbaticals) 
3—Foreign Scholars (visiting the USA or Canada) 8—Resignations f 

4— Promotions , 9— Miscellaneous : 


5—-Administrative Appointments 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: her 
new title (if any), new institution and the date at which the change will occur. : f 


C. Type each item on a separate 3x5 card. 


D. The closing dates for each issue are as follows: March, October 15; June, January 15; September, April 15; 
December, July 15. 


All items and information should be sent to the Editorial Office, American Economic Review, 209 Nassau Street, 
Princeton, NJ 08542-4607. 


EIGHTY-THIRD LIST OF DOCTORAL DISSERTATIONS 
IN ECONOMICS IN AMERICAN UNIVERSITIES AND COLLEGES 


The present list specifies doctoral degrees conferred during the year terminating June 1986. 


General Economics; including Economic Theory, 
History of Thought, Methodology, 
Economie History, and Economic Systems 


SIMON P. ANDERSON, Ph.D. Queen’s 1985. Three essays 
on address models of value theory. 


MARCELLUS W. ANDREWS, Ph.D. Yale 1986. Competi- 
tion and macroeconomics: Some implications of 
Schumpeter’s theory of development for macroeco- 
nomics. 


Nasir H. Assar, Ph.D. West Virginia 1985. Impact of 
declining saving rate on economic aggregates: A 
comparative study. 

AVNER BAR-ILAN, Ph.D. Princeton 1985. Optimal deci- 
sion rules and fixed transaction costs. 

HUMBERTO BARRETO, Ph.D. North Carolina-Chapel Hill 
1985. The entrepreneur in microeconomic theory 
disappearance and explanation. 

SusHIL BIKHCHANDANI, Ph.D. Stanford 1986. Market 
games with few traders. 

Orn B. Bopvarsson, Ph.D. Simon Fraser 1986. The 
economics of employee monitoring: A sequential 
measurement approach. 

J. Ropy Bore, Ph.D. North Carolina-Chapel Hill 1986. 
The profitability of acquisitions: 1905-30. 

Joun H. Boyp MNI, Ph.D. Indiana-Bloomington 1986. 
Preferences, technology, and dynamic equilibria. 

DouG as M. Brown, Ph.D. Colorado State 1985. The 
Budapest School: A post-Marxian defense of the 
mixed economy. 

JAMES D. CAVALLO, Ph.D. New York 1986. Economic 
inequality and the intergenerational transfer of 
income-earning potential. 

SUCHAN CHAE, Ph.D. Pennsylvania 1985. Three essays 
in economic theory. 

SUBIR CHAKRABARTI, Ph.D. Iowa 1985. Refinements of 
some core-like solution concepts and an applica- 
tion to oligopoly theory. 

In-Koo CHo, Ph.D. Princeton 1986. Refinement of 
sequential equilibrium: Theory and application. 

YounG Back Cuor, Ph.D. Michigan 1986. Decision 
making and economic behavior under uncertainty: 
A paradigmatic approach. 

GEORGE D. Cuoxsy, Ph.D. Tennessee-Knoxville 1986. 
An epistemological analysis of the economic writ- 
ings of Sir Dudley North. 

Harvey S. CUTLER, Ph.D. Washington 1985. Aggregate 


supply and demand disturbances and the natural 
rate of output. 
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CHARLES A. DE BARTOLOME, Ph.D. Pennsylvania 1985. 
The public provision of private goods. 

FANNY Demers, Ph.D. Johns Hopkins 1986. Bayesian 
learning as a propagating mechanism in a dynamic 
general equilibrium model of business cycles. 


MICHAEL DEMERS, Ph.D. Johns Hopkins 1986. Essays 
in the economics of uncertainty. 


MICHAEL B. DEVEREUX, Ph.D. Queen’s 1986. Inflation, 
exchange rates, and economic policy. 

JANNETTE O. DoMINGO, Ph.D. Columbia 1986. The role 
of imported labor in Virgin Islands economic his- 
tory. 

B. KELLY EaKIN, Ph.D. North Carolina-Chapel Hill 
1985. Estimating allocative inefficiency with a non- 
minimum cost function. 

SHARON J. ERENBURG, Ph.D. IIinois-Urbana 1986. The 
effects of permanent and transitory variations on 
aggregate supply and price. 

Tan L. GALE, Ph.D. Princeton 1986. Essays on asym- 
metric information in asset trading models. 


ROBERT S. GIBBONS, Ph.D. Stanford 1986. Essays on 
labor markets and internal organization. 

Joyce G. GLEASON, Ph.D. Nebraska-Lincoln 1986. Eco- 
nomic models of time in learning. : 
FARUK GUL, Ph.D. Princeton 1986. Two essays on the 

bargaining foundations of value theory. 

Kent S. HALL, Ph.D. George Washington 1986. Busi- 
ness failures: Economic determinants and potential 
effects on the macroeconomy. 

Warp A. Hanson, Ph.D. Stanford 1985. Dynamic pric- 
ing of competing technological systems subject to 
decreasing costs. 

WILLIAM HENRY, Ph.D. Pittsburgh 1985. The evolu- 
tion of monetary thought in the United States, 
1865-1929. 

Jonn J. HISNANICK, Ph.D. West Virginia 1986. The 
local dynamic stability of a general equilibrium 
system with varying speed of adjustment coeffi- 
cients. 


Davip J. Hoaas, Ph.D. Duke 1986. The political econ- 
omy of tax-based incomes policy. 


ROLAND HOKSBERGEN, Ph.D. Notre Dame 1986. On the 
character and importance of value judgements in 
economics, with an application to development 
project evaluation. 

Tuomas J. Homes, Ph.D. Northwestern 1985. Price 
discrimination in imperfectly competitive markets. 

Jonn F. HuGHES, Ph.D. Northwestern 1986, Industrial 
market structure and aggregate output fluctuations: 
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The Means thesis reconsidered. 


Corwin C. HuLBert, Ph.D. Nebraska-Lincoln 1986. 
Choice and market processes: An Austrian analy- 
sis. 

Hossein KAMAREI, Ph.D. Indiana-Bloomington 1985. 
The construction and experimental testing of gen- 
eral equilibrium models with monopolistic interac- 
tion. 

Kyun: Kim, Ph.D. Duke 1986. Equilibrium business 
cycle theory in historical perspective. 

GerasiMos D. KoumaTos, Ph.D, Pennsylvania 1985. 
The principal-agent problem with multidimen- 
sional agents. 


PRAVEEN KUMAR, Ph.D. Stanford 1985. Essays on inter- 
temporal incentives and signaling. 


PauL H. Kupec, Ph.D. Pennsylvania 1985. Micro- 
foundations of systematic risk. 


Jerry LANGIN-HooPER, Ph.D. Rutgers 1985. A static, 
partial equilibrium, rate-of-return based-rates 
model of the regulation of natural monopolies: 
A revision of the conventional Averch and John- 
son analysis. 


Carxos I. S. LEAL, Ph.D. Princeton 1986. Topics in 
noncooperative game theory: Hyperstability of 
Nash equilibria, Brown-von Neumann fictitious 
play and principal’s problem. 

Jon T. Levever, Ph.D. Northwestern 1986. Capital 
utilization: A theoretical and empirical analysis of 
the duration of production. 

BARTON L. LIPMAN, Ph.D. Michigan 1985. Delaying or 
deterring entry: A game-theoretic analysis. 

DoucGias A. McManus, Ph.D. Pennsylvania 1985. Es- 
says in the theory of rational expectations in micro- 
economics and econometrics. 

FRANK A MACHOVEC, Ph.D. New York 1986. The de- 
struction of competition theory: The perfectly com- 
petitive model and beyond. 

ABELHAMID MAHBOB, Ph.D. Southern California 1985. 
North-South trade and the growth of the South. 

GEORGE J, MAILATH, Ph.D. Princeton 1985. Separating 
equilibria in signaling games: Incentive compatibil- 
ity, existence with simultaneous signaling, welfare, 
and convergence. 

RopoLro E. MANUELLI, Ph.D. Minnesota 1986. Topics 
in intertemporal economics. 

Larry J, Moore, Ph.D. Indiana-Bloomington 1985. 
The Wicksell-Keynes price model. 

PETER S. NICULESCU, Ph.D. Yale 1985. Indivisibilities, 
commitments, and expected utility theory. 

Jonn V. Nye, Ph.D. Northwestern 1985. Firm size and 
economic backwardness: A new look at the French 
industrialization debate. 

Jay Y. OmM, Ph.D. Northwestern 1986. Differential 


game approach to the complementary monopoly 
problem. 


BENOIT-M. PAPILLON, Ph.D. Northwestern 1986. Mon- 
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treal’s growth and economic changes in Quebec 
Province, 1851-1911. 

JoHN E. Parsons, Ph.D. Northwestern 1986. Two es- 
says on the economics of sequential markets with 
imperfect information. 

STUART W. PASSMORE, Ph.D. Michigan 1985. Essays in 
microeconomics: Can unions be barriers to entry? 
Estimating elasticity of demand for goods priced 
by time of day; Ramsey optimal price and capacity 
with uncertainty. 

James D. Peck, Ph.D. Pennsylvania 1985. Essays in 
intertemporal economic theory. 

Mikko T. PUHAKKA, Ph.D. Pennsylvania 1985. On the 
foundations of disequilibrium macroeconomics. 
SAAD ALI RABHAN, Ph.D. Georgetown 1986. On the 

economics of exhaustible resources. 

WILLIAM W. Ross, Ph.D. Georgetown 1986. The effects 
of financial disturbances and government policies 
in a growing open economy. 

SALVATOR L. M. G. RUGIMBANA, Ph.D. Catholic 1986. 
Generation of expectations variables and their use 
in testing the properties of demand functions using 
the almost ideal system. 

TATSUYOSHI Sano, Ph.D. Minnesota 1985. Nash imple- 
mentation theory. 

BARBARA N. Sanps, Ph.D. Washington 1985. An inves- 
tigation into the nature and extent of the market in 
Shanxi Province, China, 1928 to 1945. 

DAVID SCHARESTEIN, Ph.D, MIT 1986. Market competi- 
tion and incentives. 

AUSTIN L. ScHMiTT, Ph.D. George Washington 1986. 
The roots of disequilibrium theory. 

PauL J. ScHoors, Ph.D. North Carolina-Chapel Hill 
1985. A critique of some recent contributions to 
demand theory. 

JOHN SCHULTZ, Ph.D. South Carolina 1985. Essays on 
the history and philosophy of economic science. 

JANET A. SEIZ, Ph.D. Duke 1986. Business cycle theory 
and the “Keynesian Revolution”: A reexamina- 

- tion. , 

MOHAMMED A. SHIBLI, Ph.D. Boston 1986. Investment 
opportunities, household savings, and rate of re- 
turn on investment. 

MARTHA K. SHIELLS, Ph.D. Michigan 1985. Hours of 
work and shift work in the early industrial labor 
markets of Great Britain, the United States, and 
Japan. 

BYUNG HEE Sou, Ph.D. Northwestern 1985. Economic 
fluctuations and government policy under democ- 
racy. 

JEREMY STEIN, Ph.D. MIT 1986. Economic models with 
heterogeneously informed participants. ` 

PETER A. STREUFERT, Ph.D. Stanford 1985. Dynamic 
allocation with consistent intergenerational benevo- 
lence. 

RICHARD SZOSTAK, Ph.D. Northwestern 1985. The role 
of transportation in the Industrial Revolution: A 
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comparison of eighteenth-century England and 
France. 


HARUTAKA TAKAHASHI, Ph.D. Rochester 1985. Char- 
acterization of optimal programs in infinite horizon 
economies. 


ANDREA TERZI, Ph.D. Rutgers 1986. Savings, expendi- 
tures, and the financial conditions of production: 
Two views. 


ROBERT G, TREVOR, Ph.D. Princeton 1985. Rational 
expectations and economic modeling: Four essays 
in macroeconomics and international finance. 

STEPHEN J. TURNBULL, Ph.D: Stanford 1985. Durable 
mechanisms for bargaining with private informa- 
tion: Definition, existence, and characterization. 

CAROLYN TUTTLE, Ph.D. Northwestern 1986. Children 
at work in the British Industrial Revolution. 

Nancy L. Virts, Ph.D. California-Los Angeles .1985. 
Plantations, land tenure and efficiency in the post- 
bellum South: The effects of emancipation on 
southern agriculture. 

Marian W. D. Watts, Ph.D. Alabama 1986. Cor- 
poratism and Roman Catholic socioeconomic 
thought: An analysis of current issues. 

SERGIO R. D.C. WERLANG, Ph.D. Princeton 1986. Com- 
mon knowledge and the game theory. 

R. WHITE, Ph.D. American 1985. The disequilibrium 
effects of technological change on prices and the 
rate of profit. 

JENNIFER WISSINK, Ph.D. Pennsylvania 1985. Essays in 
applied microeconomic theory. 

PETER J. WYLIE, Ph.D. Queen’s 1986. Electrification and 
technological adaptation in Canadian manufactur- 
ing, 1900-29. 


Economic Growth and Development; including 
Economic Planning Theory and Policy; 
Economic Fluctuation and Forecasting 


WELLAPPULI A. T. ABEYSEKERA, Ph.D. Cornell 1986. 
Improvement of irrigation system performance in 
Sri Lanka: The experience at Mahavilachiya Settle- 
ment. i 

MUNIR Z. ABU-GHAZALEH, Ph.D. Vanderbilt 1985. 
Economics of tourism in Jordan. 

CuuL Won Aun,. Ph.D. Vanderbilt 1985. Essays on 
comparative monetary policy regime analysis. 
JAFAR ALAVI, Ph.D. Tennessee-Knoxville 1986. The ex- 
port performance of less developed countries: The 

case of Iran’s non-oil exports. 

ABDUL-KARIM A. AMER, Ph.D. Colorado 1985. Eco- 
nomic planning in Yemen Arab Republic: The 
dependency problem. 

IGNAZIO ANGELONI, Ph.D. Pennsylvania 1985. Credit 
controls, bank behavior, and monetary policy: Es- 
says on the Italian experience job. 

MUHAMMAD ANWAR, Ph.D. New Hampshire 1985. A 
macroeconomic model for interest-free economies: 
An integrative study of Western and Islamic eco- 
nomic systems. 
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F. ARAFAT, Ph.D. American 1985. Development with 
unlimited supplies of imported labor: A case study 
of the kingdom of Saudi Arabia. 

IAN R. BaIN, Ph.D. Minnesota 1985. A theory of the 
secular and cyclical behavior of inventory stocks. 

Jonn H. BASKIN ITI, Ph.D. Georgia 1986. A quarterly 
econometric model of the state of Georgia. 

RAYMOND G. BATINA, Ph.D. Minnesota 1985. An over- 
lapping generations model with endogenous fertil- 
ity and intergenerational transfers. - 

CARLOS M. BENEVIDES, Ph.D. Vanderbilt 1985. Income 
distribution in Brazil: 1970-80 compared. 

Mark J, Bris, Ph.D. MIT 1985. Essays on the cyclical 
behavior of cost and price. 

HENNING Bonn, Ph.D. Stanford 1986. Financial mar- 
kets and the macroeconomy. 

LENORE H. BURCKEL, Ph.D, Wisconsin-Milwaukee 1986. 
Comparing and evaluating alternative measures of 
inflation expectations. 

Wen-Hul PETER CHENG, Ph.D. Minnesota 1985. An 
educational planning model of growth and income 
distribution: A case study of Taiwan. 

HYUNG In CHIN, Ph.D. SUNY-Binghamton 1986. The 
firm’s dynamic adjustment behavior: An empirical 
study in the microeconomic level. 

Munir CHOUDHARY, Ph.D. Florida State 1986. Com- 
parative effectiveness of stabilization policies with 
rational expectations: Developed versus developing 
countries. l 

Sonia Danas, Ph.D. Yale 1985. The agricultural ma- 
chinery and implement industry in Brazil: Its 
historical development and incentive activity. 

Sreve J. Davis, Ph.D. Brown 1986. Allocation dis- 
turbances, aggregate disturbances, and unemploy- 
ment rate fluctuations. 

PauL A. Doroscu, Ph.D. Stanford 1986. Linkages be- 
tween the macroeconomy of Indonesia’s food sec- 
tor to 1949 and 1984. 

J. EXDAIE, Ph.D. American 1985. A simple macroeco- 
nomics model of inflation: The case of Iran. 

ATILIO A. ELIZAGARAY, Ph.D. Ilinois-Urbana 1985. 
State intervention in the Argentine economy: The 
1946-55 Pernoiut government. 

JOHN L. FIEDLER, Ph.D. Vanderbilt 1986. Health and 
development in El Peten, Guatemala. 

RAIMUNDO C. FLORIN, Ph.D. Illinois-Urbana 1986. 
Financial history of Argentina: 1890-1910. 

Jamme B. GaTica, Ph.D. Notre Dame 1986. De-industri- 
alization and employment: The case of Chile, 
1974-82. 

PauL W. GLewwe, Ph.D. Stanford 1985. An analysis of 
income distribution and labor markets in Sri Lanka. 

BENJAMIN GOMES-CASSERES, Ph.D. Harvard 1986. Mul- 
tinational ownership strategies. 

E. Gorpsi-BANDPAY, Ph.D. American 1985, The redis- 
tributive effects of government fiscal policy in Iran 
in 1970-80. 

Joaquim J. M. GuiLyoro, Ph.D. Hlinois-Urbana 1986. 


VOL. 76 NO. 5 


A model for economic planning and analysis for 
the Brazilian economy. 

CYRILLUS HaRINOWO, Ph.D. Vanderbilt 1985. Ex- 
change rates and asset substitution in the Indo- 
nesian monetary sector. 


Ergan S. Harris, Ph.D. Columbia 1985. A reexamina- 
tion of inventory buffer effect with disaggregated 
data. 

JANE A. HORVATH, Ph.D. Connecticut 1986. The role of 
small scale manufacturing in Mexican develop- 
ment. 

Wen-Jen Hsien, Ph.D. Columbia 1985. Technology 
transfer: The case of Taiwan. 

MOHAMED A. IBNOUF, Ph.D. Michigan State 1985. An 
economic analysis of the mechanized food produc- 
tion schemes in the central plains of the Sudan. 

NARENDRA JADHAV, Ph.D. Indiana-Bloomington 1986. 
Macroeconomic investment management in LDCs: 
A social cost benefit approach. , 

S. M. Younus Jarni, Ph.D. Wayne State 1985. General 
equilibrium macroeconomic modeling: An applica- 
tion to Pakistan’s sixth plan (1983-88). 

Jose C. JaRILLO Mossi, Ph.D. Harvard 1986. Entre- 
preneurship and growth: The strategic use of exter- 
nal resources. 

STEVEN SHEI-PING KAN, Ph.D. Purdue 1985. Three 
essays on the Lucas supply function, partial adjust- 
ment of inventories, and testing of the permanent 
income hypothesis. 

Perros KAREKLAS, Ph.D. South Carolina 1986. A 
monetary analysis of a small developing economy: 
The case of Jamaica. 

FRANK KRAMER, Ph.D. California-Berkeley 1986. Mar- 
ket incorporation and out-migration of the peasants 
of western Honduras. 

B. KRISHNAMURTHI, Ph.D. American 1985. Public ex- 
penditure policy implications for output, prices, 
and balance of payments, and empirical study of 
the Indian economy. 

Mark L. LANGWORTHY, Ph.D. Stanford 1986. The 
impacts of EC membership on the Portuguese dairy 
sector. 

Yoon Joo Lee, Ph.D. Catholic 1986. Effective rate of 
protection and factor substitution:-A case study of 
Korea and the Ivory Coast. 

Carlos M. D.M. Lopes, Ph.D. Illinois-Urbana 1986. 
An evaluation of rural credit policies in Brazil. 
James P. McCoy, Ph.D. North Carolina-Chapel Hill 
1986. Bauxite processing in the Third World: An 

estimation of producer country benefits. 

CATHERINE L. McDevitt, Ph.D. Rochester 1986. Real 
returns and inflation: Theory and evidence. 

Duncan C. McDouGaLt, Ph.D. Harvard 1986. Manu- 
facturing strategy in diversified firms: Linkages be- 
tween competitive strategy and manufacturing 
planning in the divisions. 

Bruce MCNEvin, Ph.D. City-New York 1986. Business 
cycles and asymmetry. 


DOCTORAL DISSERTATIONS 1241 


Epwarp D, MARTIN, Ph.D. Cornell 1986. Resource 
mobilization, water allocation, and farmer organi- 
zation in hill irrigation systems in Nepal. 

LAURIE J. May, Ph.D. Pennsylvania 1985. The returns 
to schooling and the demand for education in 
Brazil. 

Perer H. May, Ph.D. Cornell 1986. A modern tragedy 
of the non-commons: Agro-industrial change and 
equity in Brazil’s Babassu Palm Zone. 

ROBERT S. MILBRATH, Ph.D, Michigan 1986. Institu- 
tional development and capital accumulation in a 
complex of Basque worker cooperatives. 

ARMANDO L. MONTENEGRO, Ph.D. New York 1985. 
Optimal economic growth for an economy with 
trade complementarity and indispensability of im- 
ports. 

BARRY J. NAUGHTON, Ph.D. Yale 1986. Saving and 
investment in China: A macroeconomic analysis. 

CHARLES N’CHO, Ph.D. Stanford 1985. A mathematical 
programming evaluation of alternative develop- 
ment strategies. 

ALFRED N. NTOKO, Ph.D. SUNY-Binghamton 1986. 
Government policy and agricultural growth: The 
case of Cameroon. 

PHILIP A. NUETZEL, Ph.D. Northwestern 1986. Inflation 
and capital accumulation in models of optimizing 
behavior. 

Kevin J. O’Connor, Ph.D. 1986. An economic and 
legal analysis of predation. 

INSHIK OH, Ph.D. Vanderbilt 1985. The life cycle hy. 
pothesis of aggregate savings: Static and dynamic 
analysis of simulation model. 

JosepH O. Onwe, Ph.D. Wisconsin-Milwaukee 1986. 
Labor absorption in the services sector: An analy- 
sis with reference to transport services in Nigeria. 

NEHEMIAH E. Osoro, Ph.D. Illinois-Urbana 1985. The 
elasticity and bouyancy of the tax system of 
Tanzania, 1968-81: An empirical analysis. 

SRI-BINTANG PAMUNGKAS, Ph.D. Iowa State 1984. A 
medium-term multisectoral dynamic simulation 
model of the Indonesian economy. 

J. PETERSON, Ph.D. American 1985. The formation of 
expectations and the demand for capital. 

Tuomas C. Pinckney III, Ph.D. Stanford 1986. Produc- 
tion instability and food security in Kenya: Mea- 
suring tradeoffs between government objectives. 

Susan G. Powers, Ph.D. SUNY-Binghamton 1986. 
Cyclical variation in capital stock: Implications for 
multifactor productivity. 

Munir Quppus, Ph.D. Vanderbilt 1985. Rational 
speculative bubbles in the food market: A study of 
the 1974 famine in Bangladesh. 

JAMES E. RAUCH, Ph.D. Yale 1985. Dynamic interaction 
of foreign trade, technology, and capital with eco- 
nomic development. 

Laksumi K. Raut, Ph.D. Yale 1985. Three essays on 
intertemporal economic development. 


PEDRO N. SAENZ, Ph.D. Georgetown 1986. Endow- 


1242 THE AMERICAN ECONOMIC REVIEW 


ments, migration, and economic development: An 
adaptive modeling approach. 


KENICHI SAKAKIBARA, Ph.D. Minnesota 1986. Expecta- 
tions and the nonneutrality of money: A legal 
restriction theory of business cycles. 


Mario Salazar, Ph.D. Iowa State 1984. An multicom- 
modity equilibrium approach to welfare analysis 
of market interventions in the Costa Rican agri- 
cultural sector. 


T. MisHa SARKOVIC, Ph.D. Florida State 1986. Direct 
foreign investment and joint-venture agreements in 
Yugoslavia: A microeconomic model. 


JAMES L. SEALE, JR., Ph.D. Michigan State 1985. Fixed 
effect Cobb-Douglas production functions for floor 
tile firms, Fayoum and Kalyubiya, Egypt, 1981-83. 


EXLEY SILUMBU, Ph.D. Notre Dame 1985. Commodity 


marketing and economic restructuring: The role of 
smallholder agriculture in Malawi. 


RusseLL E. SMITH, Ph.D. Illinois-Urbana 1985. Wage 
policy and nominal wages in Brazil. 


Davip F. SPIGELMAN, Ph.D. Stanford 1986. Macroeco- 
nomic instability of the less developed country 
economy when bank credit is rationed. 


KENNETH G. STEWART, Ph.D. Michigan 1986. Estimat- 
ing a rational expectations business cycle model: 
Methodology and application. 


MOHAMMED TAHIR, Ph.D. Colorado 1985. The effective- 
ness of stabilization policies in an open economy: 
An application of the vector autoregressive model. 


TESFAYE TEKLU, Ph.D. Iowa State 1984, An economic 
analysis of joint resource and income use practices 


among the Ethiopian farm households: An applica- 
tion of production household model. 


Luis TELLEZ-KUENZLER, Ph.D. MIT 1986. Essays on 
real and financial aspects of an open economy: The 
Mexican case. 


Jose R. O. VERGOLINO, Ph.D, Illinois-Urbana 1986. 
Unequal regional development: The case of the 
Brazilian Amazon. 


DARAWAN VIRUNHAPHOL, Ph.D. SUNY-Binghamton 
1986. A macroeconometric model of Thailand. 


Ivan L. WEINEL, Ph.D. Nebraska-Lincoln 1985, Finan- 
cial instability and business fluctuations. 


CHANDRASEKERA M. WIJAYARATNA, Ph.D. Cornell 1986. 
Assessing irrigation system performance: A meth- 
odological study with application to Gal Oya, 
Scheme, Sri Lanka. 


Koon Foo Won, Ph.D. Southern California 1985. 
Three related aspects of married women’s labor 
supply decisions: An application to Malaysia. 


ABDUL A. B. Yaacos, Ph.D. Maryland-College Park 
1986. Islamic banking and economic development. 


HUIZHONG ZHOU, Ph.D. Northwestern 1986. Dynamic 
effects of incentive schemes in economic planning. 


DECEMBER 1986 


Economic Statistics; including Econometric 
Methods, Economic and Social Accounting 


SAMUEL K. ANDOH, Ph.D. New York 1986. The de- 
mand for cocoa: Explaining low-income elasticity 
of demand in the high-income countries. 


FRANK J. ATKINS, Ph.D. Queen’s 1986. A frequency 
domain analysis of the long-run relation between 
nominal interest rates and inflation in Canada and 
the United States. 


Kye W. BAGWELL, Ph.D. Stanford 1986. Signaling, 
entry, and repeat business. 


PauL W. Bauer, Ph.D. North Carolina-Chapel Hill 
1985. An analysis of multiproduct technology and 
efficiency using the joint cost function and panel 
data: An application to the U.S. airline industry. 


DALE S. BREMMER, Ph.D. Texas A&M 1985. An econo- 
metric model of petroleum drilling in Texas, 


KuI-YIN CHEUNG, Ph.D. Washington 1986. Signal ex- 
traction and two illustrations of the quantity theory 
of money: Application of Kalman filtering and 
smoothing. 


Hanı DaDASHI-Nosari, Ph.D. Washington 1985. Pro- 
ductivity growth slowdown, and R&D expendi- 
tures: Inflation, variation in input prices, in U.S. 
manufacturing, 


MicHaEL A. Dimmitr, Ph.D. SUNY-Albany 1986. 
Time and space modeling: Asymptotically efficient 
instrumental variables estimators of export base 
modifiers. 


Hans G. EHRBAR, Ph.D, Michigan 1985. The duality 
between unbiased estimation/prediction in the lin- 
ear model and the associated least square problem, 

` and the theory of mean-variance efficient port- 
folio: Two applications of quadratic minimization, 
G-inverses, and deficiency matrices. 


ROBERT GILLETTE, Ph.D. Maryland 1985. A partially 
adaptive panel data estimator: A Monte Carlo 
simulation and an application to the forward for- 
eign exchange market. 


BASILE GOUNGETAS, Ph.D. Missouri-Columbia 1986. 
The impact of household size and composition on 
food consumption: An analysis of the food stamp 
program parameters using the NFCS, 1977-78. 


STEVEN M. HorTop?P, Ph.D. Illinois-Urbana 1985. Practi- 
cal methods in multivariate time-series analysis. 

JAMIE F. HOWELL, Ph.D. Columbia 1985. The implica- 
tions of a sample selectivity framework on the 
estimation of hedonic asking and offer rent equa- 
tions. 

Forrest E. HUFFMAN, Ph.D. South Carolina 1985. An 
integrated comprehensive model of economic base 
analysis with an application to the Columbia, 
South Carolina metropolitan statistical area. 


RICHARD H. JEFFERIS, JR., Ph.D. Stanford 1985. Two 
essays on uncertainty. 


Jun-Ho Jone, Ph.D. Indiana-Bloomington 1985. Lower 
risk reduced-form estimation and forecasting based 


VOL. 76 NO. 5 


on finite observations and uncertain structural 
specifications in a linear simultaneous equation 
model. 

IL S. Jun, Ph.D. Tennessee-Knoxville 1986, Intertem- 
poral and interspatial productivity comparisons of 
manufacturing industries for 53 SMSAs, 1963-78. 

BYUNG-SUH KANG, Ph.D. South Carolina 1985. A com- 
parative study of scheduling algorithms for flow- 
shops with no intermediate storage. 

Mariano KLINGE-Loy, Ph.D. Rutgers 1986. Estimating 
factor-augmenting technical change: A Bayesian 
gradual switching regression approach. 

RICHARD A. Koss, Ph.D. Pennsylvania 1985. Some 
implications of the Kalman filter for econometric 
theory and practice. 

SuBAL C. KUMBHAKAR, Ph.D. Southern California 1986. 
Estimation of inefficiency in production: Method- 
ological and empirical issues. 

Younc Y. Lee, Ph.D. Missouri-Columbia 1985. Im- 
plicit prices of and household demand for nutrient 
availability and variety indices: Hedonic food- 
group-cost-function approach. 

Jia-YuAN Lin, Ph.D. Wayne State 1986. Estimation of 
disequilibrium models when the dependent variable 
is a Tobit variable. 

Josera LyNcH, Ph.D. South Carolina 1985. South 
Carolina economic indicators: A time-series ap- 
proach. 


Syep F. MAHMUD, Ph.D. McMaster 1986. Supply-side 
effects of monetary policy. 

Rosa L. MATZKIN, Ph.D. Minnesota 1986. Mathemati- 
cal and statistical inferences from demand data. 

SHIGETAKA MIYAZAKI, Ph.D. Ilinois-Urbana 1985. Risk 


comparison of LS, ML, and Stein estimators under 
various assumptions. 


NADER Nazmi, Ph.D. Illinois-Urbana 1985. Time-series 
forecasting and leading indicators of economic ac- 
tivity. 

CHRISTOPHER J. NICOL, Ph.D. Queen’s 1986. Estimating 
higher-order flexible functional form demand sys- 
tems with Canadian cross-section micro data. 

MICHAEL B. O'BRIEN, Ph.D. South Carolina 1986. An 
analysis of measures of geographical cost of living 
differences in the United States. 

PETER OCHSHORN, Ph.D. Michigan 1986. Regression 
specification in error tests. 

PIERRE PERRON, Ph.D. Yale 1986. Hypothesis testing in 
time-series regression with a unit root. 

SIMON A. T. B. Power, Ph.D. Western Ontario 1986. 
Single-equation errors-in-variables estimation of 
rational expectations models. 

SUBARNA K. SAMANTA, Ph.D. Southern Methodist 1985. 
Applications of Stein-Rule estimation to combina- 
tion forecasting. 

ANTHONY J. SMALL, Ph.D. New York 1986. Technique 
diffusion and input-output coefficient updating. 


DOCTORAL DISSERTATIONS 1243 


DEAN G. SMITH, Ph.D. Texas A&M 1985. A regional 
forecasting model of the hospital sector. 

CHEIN-HSING SUNG, Ph.D. Wayne State 1986. Estima- 
tion of a modified linear spline regression model: 
Theory and application. 

Keuk Je SunG, Ph.D. Northwestern 1986. Product 
differentiation and entry deterrence. 

CHRISTIE L. TEIGLAND, Ph.D. SUNY-Albany 1986. An 
econometric analysis of ASA-NBER survey data 
on expectations: 1968-81. 

Insan F. TUNALI, Ph.D. Wisconsin-Madison 1985. 
Migration, earnings, and selectivity: From theory 
to fact, evidence from Turkey, 1963-73. 

Mary E. WALKER, Ph.D. Rice 1986. Issues concerning 
systems of demand equations. 

Gana YI, Ph.D. Illinois-Urbana 1986. Stein estimators 
in model selection. 

JAMAL E. ZAYID, Ph.D. Indiana-Bloomington 1986. The 
foreign sector and economic development: An 


analysis and simulations of an econometric model 
of the Sudan. 


Monetary and Fiscal Theory, Policy and Institutions 


SHAGHIL AHMED, Ph.D. Rochester 1985. Essays on 
intertemporal substitution and wage contract mod- 
els of business fluctuations. 


Yonc-Ho BAEK, Ph.D. SUNY-Albany 1986. Maxi- 
mum-likelihood estimation of the consumption- 
based capital-asset pricing model. 


ROBERT BARSKY, Ph.D. MIT 1986. Three interest rate 
paradoxes. 


ABDULLA M. BASODAN, Ph.D. Washington 1985. Esti- 
mating private demand for a publicly supplied 
good: An hedonic price model application. 

AHMET Bayras, Ph.D. City-New York 1986. Interest 
elasticity of money demand in the new financial 
environment. 


ROLAND BENABOU, Ph.D. MIT 1986. Optimal price 
dynamics speculation and search under inflation. 


WILLIAM C. BoSwortTH, Ph.D. Connecticut 1985. 
Unused credit as a substitute for money. 


ROBERT A. BROWN, Ph.D. Northwestern 1986. The 
existence and effects of the information-based 
Keynesian speculative equilibrium hypothesis of 
asset pricing. ; 

ROBERT D. BRUMBAUGH, JR., Ph.D. George Washing- 
ton 1986. The determinants of failure and in- 
solvency for federally insured thrift institutions and 
the determinants of federal savings and loan in- 
surance corporation costs. 


ANTHONY R. CHAN, Maryland 1986. A look at the 
simple-sum monetary aggregates versus other alter- 
natives, ; 

MOHAMMED M. CHAUDHURY, Ph.D. Simon Fraser 1986. 
On testing the Black-Scholes option pricing model. 


JosepH CHENG, Ph.D. SUNY-Binghamton 1986, An 


1244 THE AMERICAN ECONOMIC REVIEW 


econometric analysis of the effects of the flat in- 
come tax on household savings. 

KYUNGBAE CHUNG, Ph.D. Pittsburgh 1986. Optimal 
monetary rules with an endogenous money supply. 

JoHN P. CocHran, Ph.D. Colorado 1985. Monetary 
theory, price theory, and capital theory: The 
Keynes-Hayek debate and the current policy 
effectiveness debate. 


Rocer S. Conen, Ph.D. North Carolina-Chapel Hill 
1985. A simulation analysis of voting to determine 
the allocative impacts of general fund financing 
and its alternatives. 


J. Pepro D.A. Arroza, Ph.D. Carleton 1986. Monetary 
gradualism in Canada (1975-82); An evaluation. 

S. Devaposs, Ph.D. Iowa State 1985. The impacts of 
monetary policies on U.S. agriculture. 

JOHN V. EAGAN, Ph.D. Georgia State 1986. Essays on 
taxation, investment, and exhaustible resources. 

Jonn H. Y. Epwarps, Ph.D. Maryland 1985. Conges- 
tion function specification and the publicness of 
goods provided by local governments. 


Purr R. ERLANGER, Ph.D. Pennsylvania 1985. A con- 
tingent claims model of monetary policy. 


MIGUEL FAIG-AUMALLE, Ph.D. Stanford 1986. Optimal 
taxation of money balances. 


FREDERICK G. FLoss, Ph.D. SUNY-Buffalo 1986. The 
general equilibrium equity and efficiency effects of 
the economic recovery act of 1981 on heteroge- 
neous labor: A simulation approach. 

GLADYS B. Foster, Ph.D. Colorado-Boulder 1986. The 
endogeneity of money and Keynes’ General Theory. 

Jean A. GAUGER, Ph.D. Iowa State 1984. Three essays 
on the neutrality of anticipated money growth. 

WILLIAM A, GIBSON, Ph.D. Simon Fraser 1986, Money, 


debt, and taxation in a model of government 
finance. 


Jose M. GONZALEZ-PARAMO, Ph.D. Columbia 1986. On 
partial factor mobility and the short-run incidence 
of selective capital income taxes. 


Marc HALPERN, Ph.D. City-New York 1985. Call op- 
tions on stock indexes. 


RicHaRD X. Hanson, Ph.D. California-Los Angeles 
1986. Antecedents of the 1929 recession. 


DouGLas HoLTZ-EAKIN, Ph.D. Princeton 1985. The 
determination of municipal budgets: Four em- 
pirical essays. 


BONG YOUNG Hoxe, Ph.D. Georgia State 1985. Multi- 
objective bank balance management under condi- 
tions of uncertainty. 


EERO KASANEN, D.B.A. Harvard 1986. Capital budget- 
ing and the control of business unit growth. 


NAVEEN KHANNA, Ph.D. Northwestern 1986. Optimal 
takeover and defensive strategies in markets for 
corporate acquisitions. 

STUART K. LANDON, Ph.D. Queen’s 1985. Three essays 
on adjustment. 


DECEMBER 1986 


VINCENZO LA VIA, Ph.D. California-Los Angeles 1985, 
Exchange rates and monetary regimes: Relearning 
the lessons of the 1920s. 

EMILY C. LAWRANCE, Ph.D. Yale 1986. The savings 
behavior of rich and poor: A study of time prefer- 
ence and liquidity constraints. 

Jin Soon Lee, Ph.D. Wisconsin-Madison 1986. Taxa- 
tion, bequest, and lifetime portfolio selection. 
ANDREW B. Lyon, Ph.D. Princeton 1986. How do stock 
prices change when corporate tax laws change? An 
empirical analysis of the effect of tax laws on the 

value of the firm. 


James B. Mackie, Ph.D. Virginia 1986. Two essays on 
capital taxation. 

JEFFREY K. MACKIE-MASON, Ph.D. MIT 1986. Dynamic 
uncertainty, taxes, and risky investment decisions: 
Theory and application. 

GuRITNO MANGKuSUBROTO, Ph.D. Colorado-Boulder 
1986. Tax incidence in a developing country: The 
case of Indonesia. 

MILTON H. MARQUIS, Ph.D. Indiana-Bloomington 1985. 
Uncertainty in money demand. 

Mark J. Mazur, Ph.D. Stanford 1986. Three essays on 
income tax progressivity. 

RICHARD H. MEGNA, Ph.D. Wisconsin-Milwaukee 1986. 
Estimation of the demand for local public edu- 
cation under a nonlinear budget constraint. 

DANIEL C. MESSERSCHMIDT, Ph.D. Iowa State 1984. 
Hedging mortgage risk with T-bond futures and 
options: A case study. 

Masoup MoGHADDsM, Ph.D. Iowa State 1984. Two 
essays on money supply growth, inflation, and in- 
terest rates. 

ABDOL H. Morni, Ph.D. Alabama 1986. The usefulness 
of credit aggregates as intermediate monetary policy 
targets. 

LEONARD I. NAKAMURA, Ph.D. Princeton 1986. Finan- 
cial intermediaries and real activity: Theory and 
evidence. 

Vasco M. D.P. Orey, Ph.D. Illinois-Urbana 1986. 
Monetary games in interdependent economies. 
ZULKIFLY B. OSMAN, Ph.D. Colorado-Boulder 1985. 
Towards an aggregate demand for money model 

under uncertainty. 

CuweEE-Huay Ow, Ph.D. Johns Hopkins 1986. The 
currency board monetary system: The case of 
Singapore and Hong Kong. 

Marco PAGANO, Ph.D. MIT 1986. Market size and 
asset liquidity in stock exchange economies. 

LEONIDAS S. PAPPAS, Ph.D. SUNY-Binghamton 1986. 
Optimal taxation of alcohol and tobacco in the 
presence of externalities: An econometric analysis. 

Pier L, Parcu, Ph.D. California-Los Angeles 1985. 
Financial instability and monetary institutions: Es- 
says in monetary theory. 

YounG Joe Park, Ph.D. Pittsburgh 1986. Optimal 
commodity tax: Korean electricity case. 


VOL. 76 NO. 5 


Rowena A. PECCHENINO, Ph.D. Wisconsin-Madison 
1985. Organization, coordination, and regulation: 
Three essays on the theory of banking. 


Bruce D. PHELps, Ph.D. Yale 1985. A finance approach 
to convertible money regimes: A new interpreta- 
tion of the greenback era. 


GEORGE A. PLESKO, Ph.D. Wisconsin-Madison 1985. 
Environmental regulations, capital formation, and 
the economic performance of U.S. manufacturing 
industries. 


GEOFEREY Porrras, Ph.D. Columbia 1986. A study of 
gold futures price spreads. 


Davip G. Rapoy, Ph.D. George Washington 1986. 
Capital recovery and economic efficiency: The case 
of imperfect loss offset. 


S. SAJJADUR RAHMAN, Ph.D. Carleton 1985. The de- 
mand for money in developing economy: Evidence 
for six Asian countries. 


ANDREW Rose, Ph.D. MIT 1986, The autoregressivity 
paradox in macroeconomics. 


Eric S. ROSENGREN, Ph.D. Wisconsin-Madison 1986. 
Tax effects in the CEEE and government bond 
-markets. 


STUART S. ROSENTHAL, Ph. D. Wisconsin-Madison 1986. 
Housing tax policy, residence times, and the cost of 
moving. 

GEORGE A. SELGIN, Ph.D. New York 1986. The theory 
of free banking: A study of the supply of money 
under competitive note issue. 


BRIAN SHEA, Ph.D. Maryland 1986. Stabilization and 
profitability of sterilized intervention ‘in foreign 
exchange markets. 


ANDREI SHLEIFER, Ph.D. MIT 1986. The business cycle 
and the stock market. 


ROBERTA G. STEINMAN, Ph.D. Colorado-Boulder 1985, 
Financial innovations, the increased vulnerability 
of the liability structure, and the implications for 
monetary policy. 

PauL M. Tause, Ph.D. SUNY-Albany 1986. Tem- 
porary equilibrium in a private banking economy 
with credit rationing. ` ` 

MILLICENT M. TAYLOR, Ph.D. Tennessee-Knoxville 
1985. The monetary theories of Milton Friedman 
and J. M. Keynes. 

CHRISTOPHER M. Towe, Ph.D. Western Ontario 1985. 
Monetary versus fiscal policy: Three essays. 

Lenos G. TRIGEoRGIS, D.B.A. Harvard 1986. Valuing 
real investment opportunities: An options ap- 
proach to strategic capital budgeting. 

Bruce N. TRUE, Ph.D. California-Los Angeles 1985, 


An examination of the monetary hypothesis of the 
depression and interest rates. 


Jonn B. VAN Huyck, Ph.D. Brown 1986. Seigniorage, 
sovereign, debt and reputation. 


WILLIAM VAN LEAR, Ph.D. Pittsburgh 1986. Financial 
institutional control of nonfinancial institutions in 
the contemporary United States. 


DOCTORAL DISSERTATIONS 1245 


Jonn M. VEITCH, Ph.D. Northwestern 1985. Bank loan 
commitments, monetary policy, and real activity. 


RoBerT W. VISHNY, Ph.D. MIT 1985. Informational 
aspects of securities markets. 


Mark E. Wonar, Ph.D. Illinois-Urbana 1985. Alterna- 
tive modes of deficit financing, money growth, in- 
flation, and interest rates. 


ANDREW M. Wo rs, Ph.D. Wisconsin-Madison 1985. A 
strategic analysis of export performance require- 
ments and investment incentives. 


Yonc Joon Yoon, Ph.D. Northwestern 1986. Dynamic 
models for vintage capital goods and inventories. 


Jon R. Zucker, Ph.D. Stanford 1986. A theoretical and 
empirical investigation of asymmetry in corporate 
income taxation. 


International Economics 


NISHA AGRAWAL, Ph.D. Virginia 1986, Distributional 
effects of international debt: A general equilibrium 
model of the Phillipines. 


STEVEN AMBLER, Ph.D. Stanford 1985. Announcement 
effects of fiscal policy in open economies. 


SALIM BACHOU, Ph.D. Notre Dame 1986. Trade rela- 
tions between the European Economic Community 
and its associates in the framework of LOME. 


RICHARD BALDWIN, Ph.D. MIT 1986. Three essays in 
international trade and finance. 


NANDI BANANI, Ph.D. New York 1986. Unemployment, 
growth, and structural change in a small open 
economy with rigid real wage. 


BENOIT BLAREL, Ph.D. Wisconsin-Madison 1985. Inter- 
national trade theory and penisen of the en- 
vironment. 


EDUARDO BORENSZTEIN, Ph.D. MIT 1986. Essays on 
fiscal policy, foreign debt, growth, and exchange 
rates. 


Tan Borsook, Ph.D. Columbia 1385; Human capital, 
trade, and migration. 


Guy A. BRIDGEMAN, Ph.D. Western Ontario 1985. In- 
ternational trade with quality differentiated goods, 


NADEEM A. BURNEY, Ph.D. Johns Hopkins 1986. Inter- 
national capital movements and welfare in the 
presence of external economies of scale. 


Sanc K. Byun, Ph.D. Columbia 1985. A comparison of 
shadow factor prices under different rates of tariff 
and its application in the welfare analysis of inter- 
national factor mobility. 


PUNAM CHUHAN, Ph.D. Georgetown 1986. Three essays 
on exchange rate policy. 


BENEDICT J. CLEMENTS, Ph.D. Notre Dame 1986. For- 
eign trade structures, employment, income distribu- 
tion, and the balance of payments: The case of 
Brazil. 

CHARLES H. DALLARA, Ph.D. Tufts 1986. The role of 
the International Monetary Fund in the balance of 
payments adjustment process, 1974-76, 


1246 THE AMERICAN ECONOMIC REVIEW 


PauL R. DELANCEY, Ph.D. Wisconsin-Madison 1986. 
Official reserve management and forecasts of offi- 
cial reserves. 


GRACIANA DEL CASTILLO, Ph.D. Columbia 1986. Bal- 
ance of payments analysis: An econometric test of 
Uruguay. 

Joaguim DETOLEDO, Ph.D. MIT 1986. Three essays on 
macroeconomic policies in the open economy. 


ALEX DONKER, Ph.D. Florida State 1986. Monetary 
policy and the balance of payments: The case of 
Ghana, 1961-81. 


JOHN J. FALLON, Ph.D. Western Ontario 1986. System- 
wide estimation of trade elasticities for Canada and 
the United States: A comparison of the translog 
and differential approaches. 


MOHSEN FARDMANESH, Ph.D. Yale 1985. Terms of trade 
shocks and structural adjustment in a small open 
economy. 

KARNIT FLUG, Ph.D. Columbia 1986. Government 
policies in a general equilibrium model of interna- 
tional trade and human capital. 

SUMANTRA GHOSHAL, D.B.A. Harvard 1986. The in- 
novative multinational: A differentiated network of 
organizational roles and management processes. 

Junicui GoTo, Ph.D. Yale 1986. A general equilibrium 
analysis of international trade under imperfect 
competition in both product and labor markets: 
Theory and evidence from the automobile trade. 

VITTORIO U. GRILLI, Ph.D. Rochester 1986. Studies in 
speculative attacks and investment banking con- 
tracts. 


FRANK GUNTER, Ph.D. Johns Hopkins 1986. U.S. bank 
foreign lending. 


PERTTI HAAPARANTA, Ph.D. Yale 1986. External dis- 


turbances, exports, and wage indexation. 


FRANCES R. HAMMOND, Ph.D. California-Los Angeles 
1986. Industry wage response to product demand 
shifts. 


CATHARINE B. Hitt, Ph.D. Yale 1985. The effects of 
different trade policies in open economy macroeco- 
nomic models. 

Caun-Tien Hu, Ph.D. Princeton 1986. Policy coordina- 
tion and exchange rate policy in a world of flexible 
exchange rates. 

Hyunc-Dou Hur, Ph.D. Indiana-Bloomington 1985, 
Incremental efficiency and the impact of “news” 
on foreign exchange markets. 

Yiu K. Ip, Ph.D. South Carolina 1985. Tests for inter- 
national capital market integration. 

IOANNIS KALLIANIOTIS, Ph.D. City-New York 1985, 

` Exchange rates and rational expectations. 

ROBERTO KHALIL-JALIL, Ph.D. Wisconsin-Madison 

" 1985. The determinants of Mexico’s manufacturing 
exports (1950-83). 

MouiuppDIN M. Kuan, Ph.D. Simon Fraser 1986. Ac- 
tive portfolio management and the gains from in- 
ternational portfolio diversification. 


DECEMBER 1986 


SHAHEEN R. KHAN, Ph.D. Columbia 1986. Protection to 
large scale manufacturing industries in Pakistan. 


YOOMAN Kim, Ph.D. Simon Fraser 1986. Theory of 
internationally diversified production under uncer- 
tainty: The effects of exchange rate fluctuations on 
growth of direct foreign investment, return, stabil- 
ity, and risk. 

Paoro Kinp, Ph.D. Columbia 1986. On models of 
money and perfect foresight and exchange rate 
dynamics, 

GUILLERMO R. Le Fort-VaRELA, Ph.D. California-Los 


Angeles 1985. The real exchange rate and capital 
inflows: The case of the southern cone countries. 


ROBERT E. LIPPENS, Ph.D. Queen’s 1985. Multimaturity 
tests in international financial markets of efficient 
market hypotheses: A comparative study of Japan 
and Canada. 


Bin-JANE Liv, Ph.D. Wisconsin-Madison 1985. Trade 
and tax policies in distorted small economies. 


JupirH A. MCDONALD, Ph.D. Princeton 1986. Factors 
influencing countries’ decisions to use credit from 
the International Monetary Fund. 


JOHN MALINDRETOS, Ph.D. Rutgers 1986. A theoretical 
and empirical comparison of the two theories of 
international finance: The case of the Federal Re- 
public of Germany. 


MICHAEL H. MorFETT, Ph.D. Colorado-Boulder 1985. 
The international interbank market: Credit ra- 
tioning and bank-tiering under imperfect informa- 
tion. 

HILLAR NEUMANN, Ph.D. Rutgers 1986. Savings, capital 
formation and real exchange rates: An application 
of capital theory to balance of payments analysis 
and exchange adjustment. 


Yasuo NISHIYAMA, Ph.D. California-Berkeley 1986. Ex- 
change rates: Forward and backward linkages on 
U.S. agriculture. 

SEAN NOLAN, Ph.D. Yale 1986. The multinational en- 


terprise and the international division of labor: 
A theoretical analysis. 


J. Marcus NOLAND, Ph.D. Johns Hopkins 1986. The 
determinants of comparative advantage: Empirical 
analysis in a multicountry time-series cross-section 
framework. 

Patricia A. O’BRIEN, D.B.A. Harvard 1986. Coordinat- 
ing market forces: The anatomy of investment de- 
cisions in the Japanese steel industry. 


San B. Ou, Ph.D. Columbia 1985. Transfer of technol- 
ogy: Econometric analysis of Korea. 


Sure ÖZLER, Ph.D. Stanford 1985. Rescheduling of 
sovereign government bank debt. 


JEFFREY L. PLISKIN, Ph.D. Michigan 1985. Two essays 
on international capital flows. 


JAMES D. REITZES, Ph.D. Wisconsin-Madison 1986. Es- 
says on the welfare and policy implications of 
endogenous capital flows in two distinct sectors. 


BARBARA L. ROLLINSON, Ph.D. Duke 1986. Multiplant 


VOL. 76 NO. 5 


economies in multinational enterprises: Implica- 
tions for taxation and commercial policy. 

JEFFREY ROSENSWEIG, Ph.D. MIT 1985. Empirical es- 
says on the dollar area. 

L. FERNANDO Ruiz-Mrer, Ph.D. Purdue 1985. Trade, 
technology transfer, and multinational enterprises 
in monopolistically competitive models. 

MOHAMMED Z. SALEH, Ph.D. Colorado-Boulder 1985. A 
structural model of Malaysian balance of pay- 
ments: 1963-82. 

HAIDEH SALEHI-ESFAHANI, Ph.D. Pennsylvania 1985. 
“Dutch Disease”: The perverse effects of a re- 
source boom in a small open economy. 

FERNANDO SANTOS, Ph.D. South Carolina 1985. Three 
essays on Portuguese monetary economics. 


AUREL SCHUBERT, Ph.D. South Carolina 1985. The 
eredit-Anstalt crisis of 1931: A financial crisis re- 
visited. 


MIGUEL SEBASTIAN, Ph.D. Minnesota 1985. Fixed 
exchange rates and noncooperative monetary 
policies. 

MANUEL R. SEBASTIAO, Ph.D. Columbia 1986. Econom- 
ics of scale, pricing policies, and international 
trade. : 

SELIG SECHZER, Ph.D. Pennsylvania 1986. Essays in 
factor mobility. 

Luis Serven, Ph.D. MIT 1986. Essays on exchange 
rates and stabilization policy. 

RaMa SETH, Ph.D. Columbia 1986. Optimal foreign 
borrowing: The case of Costa Rica. 

CLINTON R. SHIELLS, Ph.D. Michigan 1985. A disag- 
gregated empirical analysis of U.S. import de- 
mand, 1962-81. 

Oz Suy, Ph.D. Minnesota 1986. International trade 
restrictions that improve world welfare. 

ILTAE Son, Ph.D. Northwestern 1985. The choice of an 
optimal exchange rate system for a small coun- 
try. 

ROBERT W. STAIGER, Ph.D. Michigan 1985. Essays in 
international trade. 

ANDREW D. STEER, Ph.D. Pennsylvania 1985. Exchange 
rate expectations and the market for foreign 
exchange: A study of the sterling-dollar rate. 

GERARD L. STOCKHAUSEN, Ph.D. Michigan 1985. The 
effects of a quota threat on the exporting coun- 
try. : 

Ransir S. Tea, Ph.D. Columbia 1986. International 
capital controls: Essays on the theory of float- 
ing dual exchange rates. 


HENDRIKUS TRINES, Ph.D. Pittsburgh 1985. Exchange 
rates, output, and prices in an open economy. 


CarLos M. Urzua, Ph.D. Wisconsin-Madison 1986. 
Foreign debt and the less developed countries: 
An empirical-theoretical examination of the 
failure of a market. 


James E. VESTAL, Ph.D. Michigan 1985. An analysis of 


DOCTORAL DISSERTATIONS 1247 


the determinants and commodity trade effects 
of Japanese technology trade. 


RANDALL M. WIGLE, Ph.D. Western Ontario 1986. 
General equilibrium analysis of the effects of 
multilateral and Canadian liberalization. 


RONALD N. Woops, Ph.D, Florida State 1986. The 
impact of the economist upon tariff policy in 
Australia: A half-century of tariff debate. 


FARAMARZ YAZDANI, Ph.D. Stanford 1986. Japanese 
trading companies: Their role in foreign trade 
invoicing. 

STEPHEN D. YOUNGER, Ph.D. Stanford 1986. Inflation- 
indexed exchange rates and macroeconomic sta- 
bility in less developed countries. 


ANDREW B. ZIMMERMAN, Ph.D. California-Berkeley 
1985. The relationship between economic indi- 
cators and country risk. 


Business Administration; including Business Finance 
and Investment, Insurance Marketing, and Accounting 


CHARLES W. ABDALLA, Ph.D. Michigan State 1985. 
Problems in interindustry coordination and sys- 
tem-wide productivity innovation: An institu- 
tional analysis of barriers to implementing 
modular shipping containers for dry groceries. 


JOHN C. ANDREWS, Ph.D. South Carolina 1985. Tests of 
the elaboration likelihood model involving per- 
suasive marketing communication. 


Mary R. Besan, Ph.D. California-Berkeley 1985. The 
differential impact of noisy and noiseless public 
information on social welfare. 


JULIA BRAZELTON, Ph.D. South Carolina 1985. Tax 
` implications: The implications of a consump- 
tive tax base on the individual taxpayer. 
CHARLES B. CaDsBy, Ph.D. MIT 1985. Essays on ad- 
justment of equilibrium in financial asset 
markets. 


Roperta L. Cook, Ph.D. Michigan State 1985. The 
Mexican dry grocery subsector: Strategies sup- 
porting the establishment of voluntary food 
chains. 

RITA DRIEGHE, Ph.D. Northwestern 1986. Boards of 
directors and corporate governence: The case of 
Greenmail. 

SRVINIVAS DURVASULA, Ph.D. South Carolina 1986. 
Modeling the multiple store location allocation 
problem: Alternate approaches. 

FRED O. Epe, Ph.D. South Carolina 1985. The effective- 
ness of persuasion techniques as negotiation 
strategies in buyer-seller interaction. 

STEVEN L. FLINT, Ph.D. Stanford 1986. Q-ratios and 
property-liability insurance. 

ANTONIO R. FRANCES, Ph.D. California 1986, The dy- 
namics of economic adjustment in business firms: 
The response of Venezuelan exporters to the ex- 
change control of 1983 as a test case. 


1248 THE AMERICAN ECONOMIC REVIEW 


Caray GOopwIN, Ph.D. California-Berkeley 1986. 
Using role relationship dimensions to predict forms 
of complaint behavior of service consumers. 


Javab GoRJIDOOZ, Ph.D. Indiana-Bloomington 1985. 
The stock portfolio performance of property-liabil- 
ity insurance stock. companies: Using the K-factor 
model of arbitrage pricing theory. 


Mına Haun, Ph.D. Northwestern 1985. Advertising 
models for new products: New models and their 
validation. 


PETER R. HAMILTON, Ph.D. Minnesota 1985. The ap- 
plied welfare economics of university registration: 
A study in multi-object auctions. 


CHEONG Kon Han, Ph.D. Northwestern 1985. Di- 
versification strategies of multiproduct firms. 


Dawn A. Harris, Ph.D. Northwestern 1986. Executive 
succession, reputation, and wage revision. 


J. RICHARD HARRISON, Ph.D. Stanford 1986. The com- 
mittee structure of corporate boards of directors. 


MEIR KARLINSKY, Ph.D. California-Berkeley 1986. The 
case of decisions under risk. 


RACHID LaRAQUI, Ph.D. California-Berkeley 1985. Es- 
says on futures markets and options. 


Marso-Rutra LEHTISALO, Ph.D. Northwestern 1986. 
The influence of price on product evaluation: An 
information-processing perspective. . 

KIAN-GUAN Lim, Ph.D. Stanford 1986. Essays in finan- 
cial economics. 

VICTOR S. LIMLINGAN, D.B.A. Harvard 1986. The over- 
seas Chinese in ASEAN: Business strategies and 
management practices. 


JOSEPH YUET-CHANG LIN, Ph.D. Minnesota 1986. Three 
essays on the economics of marketing. 


JosePH MaGLtoLo III, Ph.D. Stanford 1986, Oil and 
_ gas stock prices and reserve recognition account- 
ing. 
AJAY K. MANRAI, Ph.D. Northwestern 1986. Similarity 
, perceptions and choice. 


NAHUM MELUMAND, Ph.D. California-Berkeley 1985. 
Advances in the theory of managerial compensa- 
tion. 


JOAN MEyeERs-Levy, Ph.D. Northwestern 1986. Gender 
differences in information processing: A selectivity 
interpretation. 

BENJAMIN M. OVIATT, Ph.D. South Carolina 1985. The 
influence of industry structure and business strategy 
on the relationship between risk and return. 


SHEILA M. PUFFER, Ph.D. California-Berkeley 1985. Al- 


truism in organizations: An examination of extra- 
role behavior in a retail store context. 
RAMACHANDRAN RAMANAN, Ph.D. Northwestern 1986. 


Managerial incentives, accounting for interest costs, 
and capital investment decisions of the firm. 


GonzaLo A. Rusio, Ph.D. California-Berkeley 1985. 
Asset pricing and equity rights issues: The case of 
the Spanish capital market. 


DECEMBER 1986 


MARK S. RZEPCZYNSKI, Ph.D. Brown 1986. A study 
of speculative behavior for primary government 
securities through a market-based model of finan- 
cial futures trading. 


YOSHIKIYO SAKAI, Ph.D. Minnesota 1986, A reconsider- 
ation of asset-pricing models. 


JoHN P. SNYDER, Ph.D. South Carolina 1985. Analytical 
review: An empirical study. 


AHMET J. SOYLEMEZOGLU, Ph.D. Catholic 1986. Multi- 
period portfolio strategies using quadratic cost 
function to account for adjustment costs. 


Douc as M. STAYMAN, Ph.D. California-Berkeley 1985. 
Emotional response to advertising: Beyond attitude 
toward the ad. 


Larry E. SWEENEY, Ph.D. West Virginia 1985. An 
empirical evaluation of the debt capacity motive 
for conglomerate merger. 


ROBERT J. SWEENEY, Ph.D. South Carolina 1985. Arbi- 
trage pricing theory: An examination of the skew- 
ness effect. 


NIRVALUR VIJAYARAGHAVAN, Ph.D. Stanford 1986. Es- 
says on capital structure. 


ROBERT VILLARREAL, Ph.D. MIT 1986. Investment and 
financing, interactions at the firm level: An econo- 
metric simultaneous-equation approach. 


Martcia E. Wape, Ph.D. California-Berkeley 1986. An 
equilibrium model of the market for physician 
services. i 


WILLARD M. G. WAGNER, Ph.D. California-Berkeley 
1985. Contributions to collective goods model and 
experiment. 


Industrial Organization and Public Policy; 
including Economics of Technological Change, 
and Industry Studies 


CHARLES R. ADELBERG, Ph.D. Minnesota 1985. The 
market place for R&D outcomes: Its function and 
significance in the innovation. 


Justo AGUILAR, Ph.D. Connecticut 1985, Technological 
change and governmental policies in the industrial 
development of Costa Rica. 


McKINLEY ALEXANDER, JIR, Ph.D. Illinois-Urbana 
1986. The nature of competition in highway freight 
transportation. 


MARIE C. ANCHORDOGUY, Ph.D. California-Berkeley 
1986, Japanese industrial policy towards the com- 
puter industry. 


Mark E. BAGNOLI, Ph.D. Princeton 1985. Equilibrium 
in product markets containing imperfectly in- 
formed consumers. 


MITCHELL BERLIN, Ph.D. Pennsylvania 1986. Screening, 
commitment, and the choice between long- and 
short-term contracts. 


PHILIP A. BEUTEL, Ph.D. Duke 1986. Cable television 
franchising: A model of bidding firm behavior and 
auction resolution. 


VOL. 76 NO. 5 


SwaTl BHATT, Ph.D. Princeton 1986. Nonprice compe- 
tition in oligopolistic industries. 

MARSHA A. BLUMENTHAL, Ph.D. Minnesota 1985. Auc- 
tions with constrained information: Blind bidding 
for motion pictures. 


Scorr J. CALLAN, Ph.D. Texas A&M 1985. An em- 
pirical examination of alternative productivity 
growth measures, with an application to the 
steam-generated fossil-fueled electric utility in- 
dustry, 1951-78. 

Duncan J. CAMERON, Ph.D. California-Los Angeles 
1985, The Chicago Board of Trade case. 


PAMELA CAMERON, Ph.D. Oklahoma 1985. Testing the 
validity of using the Posner framework for detect- 
ing collusive price behavior using economic evi- 
dence. 

CHARLES CAPONE, Ph.D. Virginia 1985. Technology of 
energy production in cement manufacture. 


NILUFER CAGATAY, Ph.D. Stanford 1986. The interin- 


dustry structure of wages and markups in Turkish 


manufacturing, 


SIRIWAN CHUTIKAMOLTHAM, D.B.A. Harvard 1986. A 
price analysis of the Thai corn commodity. 

PAUL A. CLEVELAND, Ph.D. Texas A&M 1985. Market 
performance under deregulation: An industry study 
of air transportation. 

STEPHEN C. COOKE, Ph.D. Michigan State 1985. The 
theory of consumers’ surplus and economic rent: 
An application for measuring the benefits of the 
mechanical cucumber harvester. 

Kevin M. Currier, Ph.D. SUNY-Albany 1986. Opti- 
mal pricing and regulation under incomplete in- 
formation. 

Fexru DEBEBE, Ph.D. Colorado State 1985. Nonlinear 
estimation of variability for rail rate regulation 
under the Staggers Act. 

Socrr M. DENNIS, Ph.D. Northwestern 1985. The effect 
of end-to-end railroad mergers on economic welfare. 

Tuomas W. Dorsey, Ph.D. Wisconsin-Madison 1985. 
Monopolistic competition in high technology in- 
dustry. 

SADOK Diiss, Ph.D. Illinois 1986. Evaluation research 
and agricultural development: A Tunisian case 
study. 

HOSSEIN EFTEKHARI, Ph.D. Nebraska-Lincoln 1985. The 
Averch-Johnson thesis and the fair rate of return: 
An exercise in multi-objective programming. 

STEVEN L. Estomin, Ph.D. Maryland 1986. The de- 
terminants of profitability and merger premiums in 
congolmerate mergers. 

REZA FADEI-TEHRANI, Ph.D. Nebraska-Lincoln 1986. A 
study of the optimum location of manufacturing 
activities in the air compressor industry. 

ALAN E. FINDER, Ph.D. Indiana-Bloomington 1985. 
Empirical tests of cost subadditivity in the in- 
vestor-owned electric utility industry. 

Mary E. Fitzpatrick, Ph.D. Northwestern 1986. The 
process of regulation: Theory and evidence. 


DOCTORAL DISSERTATIONS 1249 


GLENN C. Fox, Ph.D. Minnesota 1985. Optimal public 
investment in U.S. agricultural research: A study in 
the management of technical change. 


Murray Z. FRANK, Ph.D. Queen’s 1986. Essays on 
industrial behavior under uncertainty. 


STEVEN R. GALGINAITIS, Ph.D. SUNY-Albany 1986. 
Capital-energy complementarity, economies of 
scale, and technological change in U.S. manufac- 
turing: A regional analysis. 

SARAH J. GOODFRIEND, Ph.D. North Carolina-Chapel 
Hill 1985. Estimation of a Q-ratio function for 
regulated electric utilities: A test of the Stigler- 
Peltzman hypothesis of regulatory behavior. 


JAMES HAGERMAN, Ph.D. Northwestern 1985. Issues in 
regulation by price adjustment. 


Joun W. Hanpy III, Ph.D. Georgia State 1985. A 
macro analysis of growth and change in the black- 
owned business sector. 


RICHARD S. Harris, Ph.D. California-Los Angeles 1985. 
An economic analysis of first-refusal and related 
preemptive rights. 

Joun D. HENDERSON, Ph.D. Western Ontario 1986. 
Economic performance in the Canadian tomato- 
processing industry. 

M. ANISUL ISLAN, Ph.D. Alberta 1985. Monopoly and 


competition in the real estate brokerage industry: 
Theory and evidence. 


S!I-YOUNG JANG, Ph.D. Texas A&M 1986. Oligopolistic 
market behavior under deregulation. 

Gary H. JEFFERSON, Ph.D. Yale 1986. The sources of 
productivity growth: A dynamic model of short- 
and long-run productivity change. 

WILLIAM E. JOHNSON, Ph.D. South Carolina 1985. 
Strategic groups and market rivalry. 

SUSAN K. Jones, Ph.D. Wisconsin-Madison 1985. Im- 
port competition and wages in U.S. manufacturing 
industries: Theoretical perspectives and empirical 
results using a simultaneous system. 

KyunGwoo KANG, Ph.D. Pennsylvania 1985. Impacts 
and implications of the motor carrier deregulation. 

JOHN A. KARIKARI, Ph.D. Queen’s 1985. Tariff protec- 
tion in oligopoly: A theoretical and empirical anal- 
ysis. 

TADAHIKO Kawal, Ph.D. California-Berkeley 1986. An 
analysis of business-government relations in Japan: 
The case of the Federation of Economic Organiza- 
tions. 

Woo Bonc Kim, Ph.D. California-Berkeley 1986. The 
efficiency of a group of machines served by a single 
server. 


ALISON Kirby, Ph.D. Stanford 1986. Trade associations 
as information exchange mechanisms. 


Nan S. Lancow17z, D.B.A. Harvard 1986. An explora- 
tion of production problems in the initial commer- 
cial manufacture of new products. 


Necia Lantus, Ph.D. South Carolina 1985. Competi- 
tion and pricing in the hospital industry. 


1250 THE AMERICAN ECONOMIC REVIEW 


DANIEL F. Leacu, JR., Ph.D. California-Los Angeles 
1985. The social cost of industrial deconcentration. 

CHOON SEI LEE, Ph.D. Texas A&M 1986. The impacts 
of price discrimination on the differentiated in- 
dustry. 

PAuL R. LEFRANCOIS, Ph.D. West Virginia 1985. Aver- 
age versus marginal cost pricing for water service. 


MARK E. LEvonran, Ph.D. MIT 1986. Steel minimills 
and the spatial characteristics of steel demand. 


J. NELLIE LIANG, Ph.D. Maryland 1986. An empirical 
conjectural variation model of oligopoly. 


Yeo Lin, Ph.D. Northwestern 1986. Technological 
change: A microeconomic study of the consumer 
electronics industry in Taiwan. 


DANIEL W. McCo.Lium, Ph.D, Wisconsin-Madison 
1986. A travel cost methodology: Travel time in the 
traditional travel cost model, development of a 
probabilistic travel cost model, and comparisons 
with a simulated market. 


ELLEN B. MAGENHEIN, Ph.D. Maryland 1986. The gains 
to acquisition, acquisition premia, and the theory 
of the firm: A theoretical and empirical analysis. 

Jerr D. MAKHOLM, Ph.D. Wisconsin-Madison 1986. 
Sources of total factor productivity in the electric 
utility industry. 

Fariep W. MANSOER, Ph.D. Colorado 1986. Electricity 
pricing and investment under government policy 
constraints: The case of the Java-Indonesia inter- 
connected supply system. 

CRISTINA MAZON, Ph.D. Minnesota 1985. The impact 
of government policy on the U.S. steel and cigarette 
industries. 

GEORGE W. MECHLING, Ph.D. Nebraska-Lincoln 1985. 
A systems concept approach to the explanation 
and prediction of technological change: An econo- 
metric study. 


LORETTA J. MESTER, Ph.D. Princeton 1985. Three essays 
on industrial organization: An empirical and theo- 
retical analysis of the structure and behavior of 
savings and loans. 

JOHN E. MORGAN, JR., Ph.D. Georgia 1986. A com- 
puterized economic and statistical analysis of the 
Alabama asphalt market. 

JOHN R. Morris, Ph.D. Washington 1985. Intellectual 
property: Creating, pricing, copying. 

JULIANNE B. NELSON, Ph.D. Princeton 1986. Contract 
enforceability and Ramsey optimal cost recovery in 
a natural monopoly. 

THOMAS R. OVERSTREET, JR., Ph.D. Vanderbilt 1986. 
An economic analysis of resale price maintenance. 

NICHOLAS C. PAPANDREOU, Ph.D. Princeton 1986. Price 
controls and industry structure in Greece: A theo- 
retical and empirical analysis. 

Puiie G. PARDEY, Ph.D. Minnesota 1986. Public sector 
production of agricultural knowledge. 

JUNG KEUN PARK, Ph.D. Minnesota 1986. Technologi- 
cal change in the Korean rice economy: Sources, 
direction, and impact. 


DECEMBER 1986 


GREGORY L. Power, Ph.D. Northwestern 1986. Com- 
petition in the U.S. petroleum refining industry: 
Empirical evidence and policy implications. 

IRENE POWELL, Ph.D. Wisconsin-Madison 1985. Effect 
of reducing manufacturing concentration on the 
distribution of income: A simulation. 

RUSSELL W. RADFORD, D.B.A. Harvard 1986. Patterns 
of performance: The development of technological 
capability in a process-oriented company. 

JOHN J. REARDEN, Ph.D. Illinois-Urbana 1985. A theo- 
retical and empirical analysis of public and private 
antitrust enforcement. : 

Brian E. Roperts, Ph.D. Washington-St. Louis 1986. 
Asset values and the political process. 

Nancy Rose, Ph.D. MIT 1985. The incidence of rents 
in the regulated trucking industry. 

RAYMOND D. Sauer, Ph.D. Washington 1985. Credible 
information? The impact of the FTC’s advertising 
substantiation program. 

LAURENCE C. SCHUMANN, Ph.D. Virginia 1986. Mergers 
and shareholder returns. 

Gary L. SHOESMITH, Ph.D. Southern Methodist 1986. 
The cost-minimizing industry structure for petro- 
leum refining: An application of contestable market 
theory and multiproduct cost functions. 

MARION SILLAH, Ph.D. South Carolina 1986. A theoret- 
ical model for the systematic analysis of an office 
space market. 

JEFFREY W. SMITH, Ph.D. Northwestern 1986. A theo- 
retical analysis of the supply of housing. 

MARGARET D. SOMMERLATT, Ph.D. West Virginia 1986. 
The traffic sensitivity of nontraffic sensitive tele- 
phone exchange plant. 

PHILIP SPILBERG, Ph.D. Maryland 1985. Mergers and 
aggregate concentration. 

STEVEN J. TAFF, Ph.D. Wisconsin-Madison 1985, Eval- 
uating product diversity in the U.S. pesticide in- 
dustry. 

RICHARD P. THEROUX, Ph.D. Purdue 1985. The effects 
of Ohio’s 1983 driving-while-intoxicated law: A 
theoretical and empirical investigation. 

PING Suu Tso, Ph.D. Washington-St. Louis 1986. The- 
ories of investment and financing. 

DaAH-NEIN TZANG, Ph.D. Illinois-Urbana 1986. An 
analysis of financial contracting between multina- 
tional companies and developing countries for oil 
extraction. 

Douctas J. WAKEMAN, Ph.D. North Carolina-Chapel 
Hill 1986. An empirical investigation of abnormal 
returns in corporate mergers. 

SATOSHI WATANABE, Ph.D. Princeton 1985. Public en- 
terprises under imperfect competition. 


Agriculture and Natural Resources 


BEL H. ABDELKAFI, Ph.D. Missouri-Columbia 1985. 
Farm level impacts of a conservation easement 
program. 


VOL. 76 NO. 5 


MOHAMED T. ALSAFFY, Ph.D. Washington State 1985. 
Demand for wheat and rice in selected Arab coun- 
tries: The current situation and projections to year 
2000. 

ROBERT A. ANDROKOVICH, Ph.D. Western Ontario 1985. 
The impact of risk on contract structure in a prin- 
cipal-agent model: An application to the Alberta 
sugar beet industry. 

SYED M. ARIF, Ph.D. Illinois 1986. Economics of deci- 
sion making in agricultural pest management. 
Brian P. BAKER, Ph.D. Cornell 1985. Protection of 
groundwater from agricultural pollution: Institu- 

tions and incentives. 

MAMADOU Basa, Ph.D. Illinois 1985. Stabilizing the 
cocoa market: A quarterly econometric application 
using optimal control theory. 

JEFFREY R. BEAULIEU, Ph.D. Iowa State 1984. The 
projected impact of inland waterway user charges 
on grain flows and transport costs in 1990. 

DANIEL J. BERNARDO, Ph.D. Washington State 1985. 
Optimal irrigation management under conditions 
of limited water supply. 

ABHA BHARGAVA, Ph.D. Alberta 1986. The effects of 
public policy on alberta’s oil and gas industry. 
Kevin J. Boye, Ph.D. Wisconsin-Madison 1985. Es- 
says on the valuation of nonmarket resources: Con- 

ceptual issues and empirical case studies, 

ROBERT F. BROOKER, Ph.D. North Carolina State 1985. 
Multiple component pricing and the composition 
of milk: An econometric model. 

Terry N. BROWNSCHIDLE, Ph.D. Minnesota 1985. An 
evaluation of the economic incentives of water use 
charges for producers under uncertainty. 

RicHarp T. Carson, JR., Ph.D. California-Berkeley 
1985. Three essays on contingent valuation. 

Davip E. CLARK, Ph.D, SUNY-Binghamton 1986. 
Evaluating the recreational benefits of environmen- 
tal improvement using compensating wage differen- 
tials. 

KATHLEEN L. COLE, Ph.D. Cornell 1986. An integrated 
electric utility planning model: An illustration of 
the costs of financing acid deposition controls. 

TAN L. DALZIELL, Ph.D. Michigan State 1985. Sources 
of agricultural instability. 

EARL L. DEAL, JR., Ph.D. North Carolina State 1986. 
Competitiveness of alternative forest products 
manufacturing facilities in purchasing timber in- 
puts. 

Massoup S. M. DENBALY, Ph.D. Iowa State 1984. U.S. 
monetary policy and the exchange rate: Effects on 
the world coarse grain market. 

BERNADETTE Dira, Ph.D. Hlinois 1986. Default and 
liquidity in the management of the BNDA lending 
program in Ivory Coast. 

Micuaet R. Dicks, Ph.D. Missouri-Columbia 1985. 
Aggregate economic impacts of a conservation 
easement program for the Corn Belt. 


TERRY M. DINAN, Ph.D. Iowa State 1984. Obtaining the 


DOCTORAL DISSERTATIONS 1251 


optimal fuel-conserving investment mix: A linear 
programming-hedonic technique approach. 

BRIAN K. Epwarps, Ph.D. California-San Diego 1984. 
Essays in the economic analysis of the multispecies 
fishery. 

Eric E. ELDER, Ph.D. Washington State 1985. Eco- 
nomic impacts of irrigation development in Wash- 
ington. 

JEFFREY E. ENGLIN, Ph.D. Washington 1986, Back- 
country hiking and optimal forest management. 

Bruce E. Flory, Ph.D. Wisconsin-Madison 1986. The 
impact of farm financial stress on investment in 
erosion control practices. 

James B. FRENCH, Ph.D. Missouri-Columbia 1985. 
Optimal disease management: A dairy herd ap- 
plication. 

Murray E. FULTON, Ph.D. California-Berkeley 1985. 
Public enterprises in natural resource industries: 
An economic analysis. 

WALTER H. GARDINER, Ph.D. Purdue 1986. The impact 
of alcohol fuel production on agricultural markets. 

CAROL C. S. GILBERT, Ph.D. North Carolina-Chapel 
Hill 1985. Household adjustment and the measure- 
ment of benefits from environmental quality im- 
provements. 

JANE E. GLEASON, Ph.D. Illinois 1986. Decision making, 
liquidity, and risk under multiple-cropping condi- 
tions in Taiwan. 

PauL W. Hersey, Ph.D. Wisconsin-Madison 1985. 
Employment and income in Botswana’s arable 
agriculture. 

STEPHEN W. HIEMSTRA, Ph.D. Michigan State 1985. 
Labor relations, technological and structural change 
in U.S. beef packing and retailing. 

CHUNG-HUANG HUANG, Ph.D. Minnesota 1986. The 
recreation benefits of water quality improvement in 
selected lakes in Minnesota. 

Benct T. HyserG III, Ph.D. North Carolina State 
1986. The development and empirical testing of a 
utility maximization model for NIPF landowner 
forest management. 

CARLOS A. IBANEZ-MEIER, Ph.D. Iowa State 1985. Eco- 
nomics of conservation tillage and soil productivity 
in north central Iowa: A control theory approach. 

CRAIG E. JAGGER, Ph.D. Cornell 1986. Addressing ex- 
cess capacity in wheat production: An economic 
analysis of long-range retirement programs. 

REBECCA L. JOHNSON, Ph.D. Michigan State 1985. The 
effect of user fees on Great Lakes grain transporta- 
tion. 

CLIFTON T. Jones, Ph.D. Texas A&M 1985. Texas 
petroleum production and the windfall profit tax. 

Harry M. Kalser, Ph.D. Minnesota 1985. An analysis 
of farm commodity programs as risk management 
strategies for Minnesota corn and soybean pro- 
ducers. 


Gorpon M. Karp, Ph.D. SUNY-Albany 1986. Essays 
on the economic control of pollution. 


1252 THE AMERICAN ECONOMIC REVIEW 


MICHAEL S. KAYLEN, Ph.D. Purdue 1985. Times-series 
modeling of the live hog market: Forecasts and 
analysis of dynamics. 

Mark A. KELLOGG, Ph.D. Washington 1985. Implicit 
valuation of flood hazard levels, 

Tuomas A. Knapp, Ph.D. Colorado 1985. Towards a 
synthesis of alternative amenity valuation tech- 
niques. 

ANTHONY KRAUTMANN, Ph.D. Iowa 1985. The econom- 
ics of nuclear power. 

JAE-OK Lee, Ph.D. North Carolina State 1985. Japanese 
agricultural policies and import demand for wheat. 

James D. LEY, Ph.D. North Carolina State 1986. An 
analysis of farm size and growth: The case of 
southern dairy farms. 

DONALD JIANN-TYNG Liu, Ph.D. Minnesota 1985. The 
willingness to pay of an individual fed cattle pro- 
ducer for a better forecasting technique: An 
evaluation in a dynamic economic setting with cash 
and futures marketing alternatives. 

RAMATU MAHAMaA, Ph.D. Iowa State 1985. A stochastic 
simulation of the impact of price insulation policies 
on world wheat market stability. 

KeiTH L. MENziz, Ph.D. Purdue 1986. An analysis of 
factors affecting the organization of a cooperative 
feed manufacturing and distribution system. 

Joan K. MEYER, Ph.D. Cornell 1985. Effect of futures 
trading on the supply of lumber. 

Scorr R. MILLIMAN, Ph.D. Wisconsin-Madison 1985. 
Exploring the economics of resource rehabilitation 
within an investment framework: A case study of a 
fishery restoration process. 


ROBERT J. Myers, Ph.D, Minnesota 1986. Economic 
inefficiency under uncertainty and the effects of 
ideal risk markets in U.S. agriculture. 


KATHLEEN A. MILLER, Ph.D. Washington 1985. The 
right to use vs. the right to sell: Water rights in th 
western United States. $ 

James W. MJELDE, Ph.D. Illinois 1985. Dynamic pro- 
gramming model of the corn production decision 
process with stochastic climate forecasts. 

M. Fauzi Moupyant, Ph.D. Washington State 1985. 
An econometric analysis of supply and demand of 
fresh milk in pennisular Malaysia. 

Kevin C. Moore, Ph.D. Iowa State 1985. A predictive 
econometric model of the U.S. farmland market: 
A rational expectations approach. 

TAREK A. Moursi, Ph.D. California-Berkeley 1986. 
Government intervention and the impact on agri- 
culture: The case of Egypt. 

Daryl NALL, Ph.D. Florida State 1986. Prospects for 
industrial cogeneration in Florida: The effects of 
regulatory policies. 

CHARLES H. NELSON, Ph.D. Purdue 1986. Resource 
allocation and crop insurance. 

Susan C. Nunn, Ph.D. Wisconsin-Madison 1986. The 
political economy of institutional innovation: Coa- 


DECEMBER 1986 


litions and strategy in the development of 
groundwater law. 


ABDALLAH OMEZZINE, Ph.D. Missouri-Columbia 1985. 
Market analysis of the winter vegetable industry in 
Tunisia. 

Davip W. Park, Ph.D. Cornell 1986. An appraisal of 
composite forecasting methods with applications to 
agricultural commodity price series. 


BURTON W, PFLUEGER, Ph.D. Illinois 1985. Lender 
response to federal crop insurance: Their effects on 
farm business performance. 


BassaM I. RAMADAN, Ph.D. Cornell 1986. Food security 
in the Arab world: Its significance and means of 
attainment. 


CLIFFORD V. Rossi, Ph.D. Cornell 1986. An institu- 
tional and economic analysis of rural water supply 
infrastructure deterioration in New York State. 


JEREMIAH B, I. RUGAMBISA, Ph.D, Illinois 1985. Struc- 
tural change in the U.S. soybean and soybean 
products markets: A systematic varying coeffi- 
cient simultaneous system approach. 


KIMSEYINGA SAVADOGO, Ph.D. Purdue 1986. An analy- 
sis of the economic and sociodemoraphic deter- 
minants of household food consumption on 
Ouagadougou, Burkina, Faso. 


MUSTAFA A. SAWANI, Ph.D. Missouri-Columbia 1985. 
Some effects of capital rationing and interest rates 
on farm organization and income. 


PARVEEN P. Seria, Ph.D. Illinois 1985. Simulating the 
adoption of soil conservation management systems 
under the conditions of uncertainty. 


RADWAN A. SHABAN, Ph.D. Stanford 1985. Agricultural 
land tenancy with endogenous contracts: A theo- 
retical and empirical investigation. 


WILLIAM D. SHAW, JR, Ph.D. Colorado 1985. A 
utility-theoretic approach to estimating the demand 
for the benefit from recreational fishing: The im- 
pact of acid rain. 


Kostas G. STAMOULIS, Ph.D. California-Berkeley 1986. 
The effects of monetary policy on U.S. agriculture: 
A fix-price flex-price approach. 


HABIBAH SULEIMAN, Ph.D. Missouri-Columbia 1985. 
An econometric model of the Malaysian natural 
rubber industry: A phenological approach. 


JEAN C. SUSSMAN, Ph.D. Minnesota 1985. A compari- 
son of part-time and full-time agricultural op- 
erations in Dodge County, Minnesota. 


MARTIN TURNER, Ph.D. Missouri-Columbia 1985. Mea- 
suring genetic improvement in soybean varieties 
and its influence on aggregate yields in the U.S. 
Corn Belt. 


Kevin D. WALKER, Ph.D. Missouri-Columbia 1985. 
Economic analysis of the effects of paratuberculo- 
sis (Johne’s disease) in dairy herds. 

Patrick G. WELLE, Ph.D. Wisconsin-Madison 1986. 
Potential economic impacts of acid deposition: A 
contingent valuation study of Minnesota. 


VOL. 76 NO. 5 


MIcHAEL P. WELSH, Ph.D. Wisconsin-Madison 1986. 
Exploring the accuracy of the contingent valuation 
method: Comparisons with simulated markets. 


Marcia N. WHITE, Ph.D. Illinois 1986. Limited re- 
source countries and agricultural development: 
A methodology used for the Caribbean. — 


Manpower, Labor, and Population, including 
Trade Unions and Collective Bargaining 


LAURENCE BALL, Ph.D. MIT 1986. Essays on the labor 
market. 


Desra A. BaRBEZAT, Ph.D. Michigan 1985. Topics in 
academic labor markets. 

Mary P. BECKMAN, Ph.D. Notre Dame 1986. Job 
rationalization, depersonalization and control: 
Clerical work and VDT’s. 

Date L. BELMAN, Ph.D. Wisconsin-Madison 1986. The 
direct and indirect effects of industry structure on 
union membership, and wages. 

MARTI S. BOGART, Ph.D. :Purdue 1985. Duration of 
unemployment spells ending in withdrawal: Theory 

_ and evidence. 

FREDERICK C. BOLD, Ph.D. Washington 1985. Effort in 
human capital formation. 

PauL D. BoLDIN, Ph.D. Wisconsin-Madison 1985. 
Race, unemployment, and the wages.of adult men: 
A longitudinal analysis. A 

I. BustiLLo, Ph.D. American 1985. An assesssment of 
the productivity effect of the shift of:.women 
workers. 


PauL CARLIN, Ph.D. Pittsburgh 1985. The. importance 
of bargaining phenomena in the economics of mar- 
riage and household decision making: Theoretical 
and empirical explorations. 


RACHEL E. CONNELLY, Ph.D. Michigan 1985. Two es- 
says on demographics and earnings. 


BEN CralG, Ph.D. Stanford 1985. Modeling and esti- 
mating strikes as wars of attrition. 

MAsSsouMEH M. DIBA, Ph.D. Oklahoma 1985. The effect 
of interruption on earning and labor force par- 
ticipation of married women. 

Denise E. Dimon, Ph.D. Illinois-Urbana 1986. The 
interrelationship of immigration, trade, and em- 
ployment. 

MUHAMAD DJUHARI, Ph.D. George Washington 1986. 
The impact of governmental interventions on 
household behavior, with Indonesia as a case study. 

TORBEN DREWES, Ph.D. Queen’s 1985. Interregional 
wage transmission and unemployment disparities 
in Canada. A 

KATHLEEN M. GILLESPIE, Ph.D. Washington-St. Louis 
1986. The effects of a copayment on disenrollment 
and utilization in a.prepaid group practice. 

Lonnie M. GOLpEN, Ph.D. Illinois-Urbana 1985. Did 
labor market forces cause the unemployment of the 
Great Depression? 


DOCTORAL DISSERTATIONS 1253 


ELIZABETH Hitt, Ph.D. Maryland 1985. Postsecondary 
vocational education in Pennsylvania: In school 
and on the job. 

KEITH HYLTON, Ph.D. MIT 1986. Essays on employ- 
ment and real wages. 

GAIL A. JENSEN, Ph.D. Minnesota 1986. Employer- 
sponsored insurance: A theoretical and empirical 
analysis. 

FENG-FUH JIANG, Ph.D. SUNY-Binghamton 1986. Hu- 
man capital investment as a determinant of life 
cycle labor supply. 

MARK A. JOHNSON, Ph.D. Stanford 1985. The political 
economics of labor segmentation: The develop- 
ment of the California labor market, 1850-1900. 

SUNG Pit KANG, Ph.D. South Carolina 1986. Implicit 
contracts on the job training and differences in age 
earnings profiles by industry. 


-© J. KAPLAN, Ph.D. American 1985, The divide and con- 


quer hypothesis: An analysis of internal labor 
markets and racial inequality of men in the United 
States. i 


TAKAO KATO, Ph.D. Queen’s 1986. An economic analy- 
sis of Japanese and North American internal labor 
markets. 


LAWRENCE F. Kartz, Ph.D. MIT 1986. Worker mobility 
and unemployment. 


GENEVIEVE M. KENNEY, Ph.D. Michigan 1986. The 
security demand for children in Peninsular Ma- 
laysia. 

Sam C. Kom, Ph.D. South Carolina 1985. The effects of 
ill health on wage rates and hours worked. 

ROBERT J. LALONDE, Ph.D. Princeton 1985. Evaluating 
the econometric evaluations of training programs. 
with experimental data. 

ROBERT J. LESSNE, Ph.D. Pacific Western 1985. A study 
in compensation economics and ergonomics. 

Mary R. McCarty, Ph.D. New York 1985. An analy- 
sis of U.S. labor market flows and stocks. 

JoRGE O. MARISCAL, Ph.D. New York 1986. The eco- 


nomics of international migration: Mexican un- 
documented migrants in the United States. 


KENICHIRO MATSUSHITA, Ph.D. Michigan 1986. An eco- 
‘nomic analysis of age at first marriage. 

RONALD B. Mincy, Ph.D. MIT 1986. Minimum wage 
noncompliance, enforcement, and establishment 
size. 

JEAN M. MITCHELL, Ph.D. Vanderbilt 1986. The effect 
of arthritis on work behavior. 

Korc Nakajima, Ph.D. Vanderbilt 1986. Dynamic 
models of optimal rural family formation. 

IGNAcE NG-YIN-PING, Ph.D. Simon Fraser 1986. 
Transaction costs, labor market institutions, and 
strikes. 

SOLEDAD NUNEZ, Ph.D. Minnesota 1986. Unemploy- 
ment in the OECD countries: Estimating and mod- 
eling the effects of the proportion of population 
with education. i 


1254 THE AMERICAN ECONOMIC REVIEW 


MAGDALENA RapPL, Ph.D. South Carolina 1985. Age as 
a factor in the net earnings impact of CETA, and 
an analysis of the selectivity problem. 

Davin REIFFEN, Ph.D. California-Los Angeles 1985. A 
model of heterogeneous labor markets. 

Curtis J. SIMON, Ph.D. SUNY-Binghamton 1986. A 
portfolio theory of unemployment. 


RICHARD D. Stock, Ph.D. Colorado 1986. The in- 
trametropolitan movement and metropolitan in- 
migration of residents by income and demographic 
characteristics and intrametropolitan changes in 
housing, employment, and income, 1950-80: An 
econometric analysis. 


PATRICIA L. STUART, Ph.D. Colorado 1985. The short- 
run determinants of U.S. immigration: An econo- 
metric analysis. 


EILEEN TRCZINSKI, Ph.D. Michigan 1985. Effect of un- 


certainty and risk on the allocation of time of ` 


married women. 


WILLIAM J. WALSH, Ph.D. Indiana-Bloomington 1986. 
An institutional and economic analysis of the 
teacher collective bargaining act. 


ROGER WEIKLE, Ph.D. South Carolina 1985. The de- 
terminants of local union leader attitudes and pref- 
erences for adjustment to technological change. 


WILLIAM P. WELCH, Ph.D. Washington 1985. Wages, 
firm size, and the capital-labor ratio. 


PAUL W. WILSON, Ph.D. Brown 1986. Income variation, 
the value of travel time, and implicit scheduling 
costs in staggered work-hours equilibria. 


PHANINDRA V. WuNNAVA, Ph.D. SUNY-Binghamton 
1986. The effect of unions on the level and slope 
of age-earnings profile in a life cycle framework: 
Evidence from panel data. 


Welfare Programs; Consumer Economics; 
Urban and Regional Economics 


PARVEZ AZM, Ph.D. Texas A&M 1986. Impact of dif- 
ferent pricing policies and types of competition on 
the optimum location of industry. 


SUN IL Bark, Ph.D. Wisconsin-Madison 1985. The 
effect of net social wealth on the accumulation and 
distribution of nonhuman wealth. 

NAJLA BATHISH, Ph.D. Wayne State 1985. An interna- 
tional comparison of the urban and regional qual- 
ity of life: The U.S.A. and Europe. 

Kurt J. BERON, Ph.D. North Carolina-Chapel Hill 


1985. Child support enforcement: A theoretical 
and empirical analysis. 


LEONARD E. BURMAN, Ph.D. Minnesota 1985. A dy- 


namic model of housing demand with transaction 
costs. 


JaMEs M. CATALDO, Ph.D. Columbia 1985. Employ- 
ment and crime: A life cycle approach. 


IsMAIL COLE, Ph.D. Pittsburgh 1986. The structure of 
aggregate production and the sources of growth in 


DECEMBER 1986 


urban manufacturing: An empirical study of 
selected U.S. metropolitan areas. 

HARRIET L. DULEEP, Ph.D. MIT 1986. Poverty and 
inequality in mortality. 

ANASTASSIOS FRANGOS, Ph.D. Wayne State 1985. 
Classical location theory, spatial competition, and 
general equilibrium analysis. 

PAUL J. GERTLER, Ph.D. Wisconsin-Madison 1985. Sub- 
sidies, quality, and regulation in the nursing home 
industry. 

EDWARD GULLASON, Ph.D. Pennsylvania 1986. Essays 
on the private returns to schooling. 

CHRISTINE J. HAGER, Ph.D. North Carolina State 1985. 
Demand for nutrient and nonnutrient components 
in household purchases of red meat, poultry, and 
fish products using a hedonic approach. 

WILLIAM E. HERRIN, Ph.D. SUNY-Binghamton 1986. 
Ascertaining the validity of the standard urban 
model: An implicit markets approach. 

CHRISTOPHER HOGAN, Ph.D. Northwestern 1986. Ad- 
verse selection in the health care market. 

KATHRYN L. HOLipay, Ph.D. Washington 1986. Infor- 
mational efficiency of residential real estate mar- 
kets: Study of Seattle housing market, 1973-80. 

SARAH B, JENKINS, Ph.D. South Carolina 1985. Analysis 
of the age composition of the U.S. population in 
the demand for financial assets: An empirical study. 

DONALD L. JOHNSON, Ph.D. Tennessee-Knoxville 1986. 
An analysis of the determinants of worker migra- 
tion: Implications for the location of high technol- 
ogy industries. 


SuKNaAM KO, Ph.D. Illinois-Urbana 1985. Regional gen- 
eral equilibrium model. 


Francis T. Lut, Ph.D. Minnesota 1985. Three essays 
on the economics of corruption. 

LINDA C. MCCARTHY, Ph.D. Purdue 1985. The effect of 
plea bargaining of the form of concessions: A 
theoretical and empirical analysis. 

MICHAEL J. MCKEE, Ph.D. Carleton 1985. Aspects of 
competitive bureaus: Lessons from public sector 
schooling in Ontario and British Columbia. 


ALAN D. MATHIOS, Ph.D. Pennsylvania 1985. Educa- 
tion and the variation in earnings. 

STEVEN A. MEYER, Ph.D. Virginia 1985. Effects of an 
income maintenance program on job choice. 

JOHN MULLaBY, Ph.D. Virginia 1985. Cigarette smok- 
ing: Habits, health concerns, and heterogeneous 
unobservables in a microeconometric analysis of 
consumer demand. 

RICHARD P. NuMRICH, Ph.D. SUNY-Albany 1986. 
Urban spatial structure: A generalized varying 
coefficient model. 

LYNN PAQUETTE, Ph.D. MIT 1985. The consumption 
and living arrangements of the elderly. 

WANKYU PARK, Ph.D. Wisconsin-Madison 1985. An 
empirical analysis of the efficient provision of a 
public good. 


VOL. 76 NO. 5 


PEDRO T. Pereira, Ph.D. Minnesota 1986. Marriage 
and divorce. f 

ELLEN P. ROCHE, Ph.D. Maryland 1986. The effect of 
property taxes on renters: Theoretical and em- 
pirical research on a model of dynamic incidence. 

GLENN R. ROGERS, Ph.D. Wisconsin-Madison 1986. 
The theory of output-income multipliers with con- 
sumption linkages: An application to Mauritania. 

Maria J. San SEGUNDO Gomez DE CADINANOS, 
Ph.D. Princeton 1985. Emprical studies of quality. 

TAPENDRA N. SINHA, Ph.D. Minnesota 1986. Unin- 
tended bequests: Theory and evidence. 

BARBARA J. P. STREET, Ph.D. Virginia 1986. Implica- 
tions of liability rules for physicians and hospitals. 

SEoUNG Hwan Suu, Ph.D. Princeton 1985. Three es- 
says on the theory of multiple cities. 

Gary N. ToMPKINS, Ph.D. Western Ontario 1985. 
Competitive land markets in a nonmonocentric 
urban area. 

PETER G. C. TOWNLEY, Ph.D. Queen’s 1986. Provision 
of retirement incomes under political and informa- 
tional restraints. 

WILLIAM N. TRUMBULL, Ph.D. North Carolina-Chapel 
Hill 1985. Incorporating uncertainty in policy anal- 
ysis with an application in criminal justice. 

SOMCHAI VIRUNHAPHOL, Ph.D. SUNY-Binghamton 
1986. The economics of urban revitalization. 

Nancy L. Wotrr, Ph.D. Iowa State 1984. The distribu- 
tion impact of the Social Security Program, 
1962-72. 

ANDREA L, ZIEGERT, Ph.D. North Carolina-Chapel Hill 
1985. The effect of anticipated housing asset infia- 
tion on homeowner durable and nondurable good 
demand. 


Not Classified 


ALBERTO ALESINA, Ph.D, Harvard 1986. Macroeco- 
nomic policy in a two-party system. 


Epwarp J. AMADEO, Ph.D. Harvard 1986. Keynes’ 
principle of effective demand and its relationship to 
alternative theories of distribution and accumula- 
tion. 

Korr A. AMOATENG, Ph.D. Texas-Austin 1986. Essays 
on international debt: Theory and evidence. 

NAUZER BALSARA, Ph.D. Columbia 1986. The role of 
currency baskets in international portfolio manage- 
ment. 

Linpa BELL, Ph.D. Harvard 1986. Essays on labor 
market efficiency and comparative macroeconomic 
performance. ; 

CIHAN BILGINSOY, Ph.D. Massachusetts-Amherst 1986. 
Monetarist and structuralist models of Turkish in- 
flation, 1950-80. ; 

STEVEN M. BLOOM, Ph.D. Harvard 1986. Employee 
ownership and firm performance. 


DowLar R. BUDHRAM, Ph.D. Ohio State 1986. Sugar- 


DOCTORAL DISSERTATIONS 1255 


cane-based ethanol: Production possibilities and 
trade implications for Caribbean countries. 


PATRICIA BYRNES, Ph.D. Southern [llinois-Carbondale 
1985. Ownership and efficiency in the water supply 
industry: An application of the nonparametric pro- 
gramming approach to efficiency measurement. 


JORGE CASTELLANOS, Ph.D. Columbia 1986. Essays on 
lending to developing countries. 


CLARKE L. Caywoop, Ph.D. Wisconsin-Madison 1986. 
Toward a novel theory of political advertising regu- 
lation. 


KIMBERLY CHRISTENSEN, Ph.D. Massachusetts-Amherst 
1986. Accounting for the relative income gains of 
black females, 1955—82. 


STEVEN M. Conn, Ph.D. Massachusetts-Amherst 1986. 
Political economy of nuclear power: 1946-82. 


CIYATA COLEMAN, Ph.D. Southern Illinois-Carbondale 
1985. Exports and spatial economic growth in 
Liberia: Effects of rubber and iron ore. 


Jonn V. CoLtas, Ph.D. Texas-Austin 1985. A sectoral 
applied general equilibrium model of the U.S. 
economy. 


EDDIE DexeL, Ph.D, Harvard 1986. Essays on choices 
and beliefs in uncertainty and game theory. 


MATHIAS DEWATRIPONT, Ph.D. Harvard 1986. On the 
theory of commitment with applications to the 
labor market. 


STEVEN Dickey, Ph.D. Southern IIlinois-Carbondale 
1986. Alternative models of the firms’ demand for 
money. 


MOHAMMED T. A. EL-Rayasi, Ph.D. Wisconsin-Madi- 
son 1986. The information content of announcing 
the capital investment decisions and the actual 
investment numbers. 


MEHRDAD E. FARIMANI, Ph.D. Wisconsin-Madison 
1986. Neoclassical investment theory: A reexam- 
ination. 


SALAM K. Fayyab, Ph.D. Texas-Austin 1986. Mone- 
tary asset component grouping and aggregation: 
An inquiry into the definition of money. 


MERYL FINKEL, Ph.D. Harvard 1986. Overseas research 
and development by U.S. multinationals: Owner- 
ship structure decisions. 


GusTAvo H. B. Franco, Ph.D. Harvard 1986. Aspects 
of the economics of hyperinflation; and theoretical 
issues and historical studies of four European hy- 
perinflations of the 1920's. 


GERALD C. FRIEDMAN, Ph.D. Harvard 1986. Politics 
and unions: Government ideology and the labor 
movement in the United States and France, 
1880-1914. 


CAROL B. GAUMNITZ, Ph.D. Wisconsin-Madison 1986. 
An analysis of the Internal Revenue Services deci- 
sion process with respect to Sections 511-513. 


STUART N. GLosser, Ph.D. Texas-Austin 1985. The 
influence of credit market rate on the demand for 
housing and automobiles. 


1256 THE AMERICAN ECONOMIC REVIEW 


BERIK GUNSELI, Ph.D. Massachusetts-Amherst 1986. 
Women’s employment in hand-woven carpet pro- 
duction in rural Turkey. 

Ero, HAKANOGLU, Ph.D. Harvard 1984. Studies in the 
isomorphism between resource allocation algo- 
rithms and electrical networks. 

KirFFLe Henock, Ph.D, Massachusetts-Amherst 1986. 
The determinants of the economic policies of states 
in the Third World: Agrarian policies of the 
Ethiopian state, 1941-74. 

Peter HicGs, Ph.D. Harvard 1986. Applied general 
equilibrium economics: Data and applications. 
JAMES R. Hines, Ph.D. Harvard 1986. Public goods and 

tax structure. 

TEH-MING Huo, Ph.D. Rochester 1985. Essays on in- 
tertemporal monetary models. 

DANIEL E. INGBERMAN, Ph.D. Carnegie-Mellon 1986. 
Spatial competition with imperfectly informed 
voters. 

AVRAHAM KAMARA, Ph.D, Columbia 1986. Equilibrium 
and efficiency in futures markets with delivery risk. 

AVERY Katz, Ph.D. Harvard 1986. Essays in the eco- 
nomics of litigation. 

PATRICK KEHOE, Ph.D. Harvard 1986. Macroeconomics 
in a world economy. 

In Joon Kim, Ph.D. Columbia 1986. Essays on the 
valuations of contingent claims. 

THOMAS A. KOLENKO, Ph.D. Wisconsin-Madison 1986. 
Effects of individual-task congruence on perfor- 
mance, satisfaction, and tenure. 

POK-SANG Lam, Ph.D. Harvard 1986. Two essays on 
consumer durables expenditures. 

Joan LEDs, Ph.D. Columbia 1985. Demand for het- 
erogeneous labor in the services industries; sub- 
stitution wage output and technology elasticities. 

Siew MENG LEONG, Ph.D. Wisconsin-Madison 1986. 
Knowledge, adaptive selling, and salesperson ef- 
fectiveness: An empirical investigation from a 
script-theoretic perspective. 

THOMAS J. LINSMEIER, Ph.D. Wisconsin-Madison 1986. 
A debt covenant rationale for a market reaction to 
a mandated accounting change: The case of the 
investment tax credit. 

STEPHEN A. LORENZEN, Ph.D. Texas-Austin 1986, Em- 
ployment, earnings, and consumption strategies in 
urban Mexico. 

ELAINE E. McCrate, Ph.D. Massachusetts-Amherst 
1985. The growth of nonmarriage among U.S. 
women, 1954-83. 

JAYASHREE MAHAJAN, Ph.D. Wisconsin-Madison 1986. 
Sales organization and effectiveness: A structure- 
contingency approach. 

Wel-Lin Mao, Ph.D. Texas-Austin 1986. Trade, struc- 
ture, and strategic planning: A study of the Taiwan 
economy using optimal control. 

RANDALL Morck, Ph.D. Harvard 1986. Essays on 
capital structure. i 


DECEMBER 1986 


DoNaLD V. Moser, Ph.D. Wisconsin-Madison 1986. 
The effects of interference, availability, and ac- 
counting information on investors’ predictive judg- 
ments. 


ABRAHAM MULUGETTA, Ph.D. Wisconsin-Madison 1986. 
Variability of returns of common stock of MNEs 
as a result of geographical segment information 
disclosure. 


PAUL S, NELSON, Ph.D. Texas A&M 1985. Capital 
investment in natural monopolies under un- 
certainty with allocation rules. 


SUNGBAILK OH, Ph.D. Wisconsin-Madison 1986. A 
multiperiod investigation of agency costs of debt 
and the impact of bond indenture provisions. 


WILLIAM C. OLSON, Ph.D. Massachusetts-Amherst 1985. 
Concepts of class in economic theory: A critique 
and reformulation. 


CAROL D. PETERSEN, Ph.D. Texas-Austin 1986. Intra- 
state inequalities in the financing and delivery of 
noneducational social services to children and 
youth: An assessment of the state of Nebraska. 


GORDON S., POTTER, Ph.D. Wisconsin-Madison 1986. 
Accounting earnings announcements, fund con- 
centration, and common stock returns. 


JEAN L. PYLE, Ph.D. Massachusetts-Amherst 1985. Sex 
discrimination and public policy in an open econ- 
omy. i 

DANNY Quan, Ph.D. Harvard 1986. Essays in dynamic 
macroeconometrics. 


STEVEN RayMar, Ph.D. Columbia 1985. Capital struc- 
ture when earnings are mean-reverting. 


James B. REBITZER, Ph.D. Massachusetts-Amherst 1985. 
Long-term employment relations in the U.S. econ- 
omy. 

JosEPH M. RICCIARDI, Ph.D. Texas-Austin 1985. Essays 


on the role of money and finance in economic 
development. 


SUSAN ROSENBERG, Ph.D. Columbia 1986. The financial 
economics of mortgages. 


TIMOTHY RUPINSKY, Ph.D. Harvard 1986. The econom- 
ics of managerial compensation. 


NARENDRA K. RustTaGl, Ph.D. Ohio State 1986. A 
simulation analysis of the Indian crop insurance 
program. 

ZULKIFLI ZENTERI, Ph.D. Ohio State 1985. An econo- 
metric analysis of the U.S. palm oil market. 


Davip Simon, Ph.D. Columbia 1986. Monetary policy, 
currency substitution and the transmission of stocks 
from the United States to Canada, 1976-84: A 
rational expectations approach. 


KENNETH WEILLER, Ph.D. Harvard 1986. Essays on the 
effects of fiscal policies in open economies. 


STEPHEN N.. WHITE, JR., Ph.D. Texas A&M 1985. The 
generalized Fechner-Thurstone direct utility func- 
tion as an alternative basis for computation of true 
cost-of-living indexes. 


VOL. 76 NO. 5 DOCTORAL DISSERTATIONS 1257 


BARBARA WIGET, Ph.D. Harvard 1986. The growth of New dimensions in criticism and comparison. 
female employment: Two economic hypotheses. Minc-Mine Wu, Ph.D. Ohio State 1986. The demand 
MICHAEL WILLOUGHBY, Ph.D. Columbia 1985. The de- analysis for four major milk and dairy products in 
terminants of technological advance in banking: A the United States: An application of logistics. 
logit model of automatic teller machine adoption. MICHAEL ZALKIN, Ph.D. Massachusetts-Amherst 1986. 
Loretta S. Witson, Ph.D. Massachusetts-Amherst Peasant’s response to state grain policy in postrevo- 
1985. A reappraisal of international trade theories: lutionary Nicaragua, 1979-84, 
ee 


NOTICE TO ALL GRADUATE DEPARTMENTS 


PLEASE NOTE: The American Economic Review will no longer carry the annual list of doctoral dissertation 
recipients published by the AEA. 


The Journal of Economic Literature will print the eighty-fourth list of recipients and titles of degrees conferred in 
economics in U.S. and Canadian universities and colleges for the academic year ending June 1987. This announce- 
ment is an invitation to send them information for the preparation of the list. 

By June 30, 1987, please send individual 3x5 cards, conforming to the style shown below. Please use the JEL 
classification system that is printed in each issue of the JEL. 


ALL ITEMS AND INFORMATION FOR THE 1987 LIST SHOULD BE SENT TO: 


The Journal of Economic Literature, P.O. Box 7320, Oakland Station, Pittsburgh, PA 15213 


JEL Classification No. 
Name: LAST NAME IN CAPS: First Name, Initial 


Institution Granting Degree: 


Degree Conferred (Ph.D. or D.B.A.) 


Dissertation Title: 





THE AMERICAN ECONOMIC REVIEW 
VOLUME LXXVI 


BOARD OF EDITORS 


CLIVE BULL PAUL KRUGMAN 
MICHAEL R. DARBY BENNETT T. MCCALLUM 
JACOB A. FRENKEL EDGAR O. OLSEN 
CLAUDIA D. GOLDIN ALVIN E. ROTH 

Purr E. GRAVES STEVEN SHAVELL 
GEORGE E. JOHNSON JOHN B. SHOVEN 

Joun F. KENNAN SUSAN WOODWARD 
MERVYN A. KING LESLIE YOUNG 

MEIR KOHN 


MANAGING EDITOR 


ORLEY ASHENFELTER 


CO-EDITORS 
ROBERT H. HAVEMAN 
JOHN G. RILEY 


JOHN B. TAYLOR 


THE AMERICAN ECONOMIC ASSOCIATION 


Executive Office: Nashville, Tennessee 


Editorial Office: 209 Nassau Street, Princeton, NJ 08542-4607 


Copyright 1986 
All Rights Reserved 


AMERICAN ECONOMIC ASSOCIATION 


CONTENTS OF ARTICLES AND SHORTER PAPERS 


C. P. Kindleberger: International Public Goods 
without International Government 
E. P. Lazear: Retail Pricing and Clearance Sales 
M. Dotsey and R. G. King: Informational Implica- 
tions of Interest Rate Rules 


S. A. Lippman and J. J. McCall: An Operational 
Measure of Liquidity 


W. J. Ethier: [egal Immigration: The Host- 


Country Problem 


M. Obstfeld: Rational and Self-Fuléilling Balance- 
of-Payments Crises 
B. Bernanke: Employment, Hours, and Earnings 
in the Depression: An Analysis of Eight 
Manufacturing Industries 
M. C. Lovell: Tests of the Rational Expectations 
Hypothesis 
J. A. Miron: Financial Panics, the Seasonality of 
the Nominal Interest Rate, and the Founding of 
the Fed 
Z. Griliches: Productivity, RaD and Basic Re- 
search at the Firm Level in the 1970’s 
C. R. Knoeber: Golden Parachutes, Shark Repel- 
lents, and Hostile Tender Offers 
D. G. Bivin: Inventories and ‘Interest. Rates: 
Critique of the Buffer Stock Model 
D. Dollar: Technological Innovation, Capital Mo- 
bility, and the Product Cycle in North-South 
Trade 
R. Ram: Government Size and Economic Growth: 
A New Framework and Some Evidence from 
Cross-Section and Time-Series Data 
R. Cantor: A Macroeconomic Model with Auction 
Markets and Nominal Contracts 
F. R. Kaen and R. E. Rosenman: Predictable Be- 
havior in Financial Markets: Some Evidence in 
Support of Heiner’s Hypothesis 
Y. Benjamini and Y. Benjamini: The Choice 
Among Medical Insurance Plans........... 


Pr ae ee a a r a a 


S. Schwab: Is Statistical Discrimination Efficient?- 


A. S. Holland: Wage Indexation and the Effect of 
Inflation Uncertainty on Employment: An Em- 
pirical Analysis 

R.N. Anthony: Accounting Rates of Return: Note 

M. Gallagher: The Inverted Fisher Hypothesis: 
Additional Evidence 
J. G. Cullis and P.R. Jones: Rationing by Waiting 
Lists: An Implication 


S. E. Plaut: Implicit Contracts in the Absence of 
Enforcement: Note 


33 


43 


191 


212 


221 


257 


L. Arvan and J. K. Brueckner: Efficient Contracts © 
in Credit Markets Subject to Interest Rate Risk: ` 


An Application of Raviv’s Insurance Model. . . 


259 


Hi 


D. W. Blair, R. L. Cottle, and M. S. Wallace: 
Faculty Ratings of Major Economics Departe 
ments by Citations: An Extension.......... 


A. R. Schwartz, M. S. Cohen, and D. R. Grimes: 
Structural/Frictional vs. Deficient Demand 
Unemployment: Comment. .............. 

K. G. Abraham: Reply 


C. E. Bohanon and T. N. Van Cott: Labor Supply 
and Tax Rates: Comment 


F. Ghavari: Comment 
J. Gwartney and R. L. Stroup: Reply.......... 
G. Briden and J. Zedella: Social Security and 
Household Savings: Comment 
E. Koskela and M. Virén: Reply 
F. Modigliani: Life Cycle, Individual Thrift, and 
the Wealth of Nations 
C. D. Romer: Is the Stabilization of the Postwar 
Economy a Figment of the Data? .......... 


T. M. Stoker: The Distributional Welfare Effects 
of Rising Prices in the United States: The 1970’s 
Experience 

E. Wicker: Terminating Hyperinflation i in the Dis- 
membered Habsburgh Monarchy 

A. J. Oswald: Unemployment Insurance and Labor 
Contracts under Asymmetric Information: 
Theory and Facts 

R. Rob: The Design of Procurement Contracts 


J. J. Rotemberg and G. Saloner: A Supergame- 
Theoretic Model of Price Wars during Booms 


D. E. Bloom and C. L. Cavanagh: An Analysis of 
“ the Selection of Arbitrators 


eC  ) 


J. S. Tracy: An Investigation into the Determi- 
nants of U.S. Strike Activity 
H. E. Peters: Marriage and Divorce: Informa- 
tional Constraints and Private Contracting ... 
W. R. Johnson and J. Skinner: Labor Supply and 
Marital Separation 
M. R. Rozenzweig and K. I. Wolpin: Evaluating 
the Effects of Optimally Distributed Public Pro- 
grams: Child Health and Family Planning In- 
terventions 
T. A. Marsh and R. C. Merton: Dividend Variabil- 
ity and Variance Bounds Tests for the Rational- 
ity of Stock Market Prices 
R. J. Shiller: The Marsh-Merton Model of 
Managers’ Smoothing of Dividends 
T. F. Cooley and S. F. LeRoy: What Will Take 
the Con Out of Econometrics?’ A Reply to 
McAleer, Pagan, and Volker... . . Dieta tow Siena cs 


C. A. Holt: Preference Reversals and the Indepen- 


314 


335 


350 


365 
378 


390 
40s 
423 l 
437 


455 


470 


483 


499 


J. H. Cassing and A. L. Hillman: Shifting Com- 
parative Advantage and Senescent Industry 
Collapse acs ou abies bg Se dn nate enews 


E. Applebaum and E. Katz: Measures of Risk 
Aversion and Comparative Statics of Industry 
Equilibrium ................. PETTEE 


R. Wintrobe and A. Breton: Organizational Struc- 
ture and Productivity................-0. 


U. Kohli: Robert Giffen and the Irish Potato: Note 


M. D. Ramirez: Marx and Malthusianism: Com- 
MENG. aea a AAE Ob E SR ES 


S. Hollander: Reply l...a nananana 
D. M. Betson and D. Greenberg: Labor Supply 
. and Tax Rates: Comment 
J. D. Gwartnery and R. L. Stroup: Reply ..:.... 
M. Cherkes, J. Friedman, and A. Spivak: The Dis- 
interest in Deregulation: Comment ......... 

R. E. McCormick, W. F. Shughart II, and R. D. 
Tollison; Reply .... onnenn 
M. P. Todaro: Internal Migration and Urban Em- 
ployment: Comment ...............205- 
W. E. Cole and R. D. Sanders: Reply ......... 
W. G. Dewald, J. G. Thursby, and R. G. Anderson: 


Replication in Empirical Economics: The Jour- 
nal of Money, Credit and Banking Project ..... 


R. J. LaLonde: Evaluating the Econometric 
Evaluations of Training Programs with Experi- 
mental Data ........... 0.0.00. eee eee 

G..W. Evans: A Test for Speculative Bubbles and 
the Sterling~Dollar Exchange Rate: 1981-84 


D. W. Carlton: The Rigidity of Prices ......... 


J. M. Poterba, J. J. Rotemberg, and L. H. Summers: 
A Tax-Based Test for Nominal Rigidities .... 
R. B. Barsky, N. G. Mankiw, and S. P. Zeldes: 


Ricardian Consumers with Keynesian Propensi- 
ties 


S. Rosen: Prizes and Incentives in Elimination 
Tournaments 


R. K. Sah and J. E. Stiglitz: The Architecture 
of Economic Systems: Hierarchies and Poly- 
archies 


D. Kahneman, J. L. Knetsch, and R. Thaler: Fair- 
ness as a Constraint on Profit Seeking: Entitle- 
ments in the Market 


T. Bresnahan: Measuring the Spillovers from 
Technical Advance: Mainframe Computers in 
Financial Services 


M. Gisser: Price Leadership and Welfare Losses 
in U.S, Manufacturing 


P. K. Robins: Child Support, Welfare Dependen- 
cy, and Poverty 


B. D. Bernheim: On the Voluntary and Involun- 
tary Provision of Public Goods 


516 


570 


16 


iv 


R. A. Margo: Educational Achievement in Segre- 
gated School Systems: The Effects of “Sep- 
arate-but-Equal” 


R. A. Driskill and S. M. Sheffrin: Is Price Flexibil- 
ity Destabilizing? .................000. 


J. D. Hamilton and M. A. Flavin; On the Limi- 
tations of Government Borrowing: A Frame- 
work for Empirical Testing 


E. W. Bond and L. Samuelson: Tax Holidays as 
Signals 
G. Loury and T. R. Lewis: On the Profitability of 
Interruptible Supply 
M. Crain, D. Leavens, and R. D. Tollison: Final 
Voting in a Legislature ...........,..... 
B. Wernerfelt: Product Line Rivalry: Note 
B. A. Polkinghorn: An Unpublished Letter from 
Malthus to Jane Marcet, January 22,1833 .... 
L. Greenfield and L. B. Yeager: Competitive 
Payments Systems: Comment 
L. H. White: Reply 
T. 


794 


802 


808 


820 


827 


833 
842 


845 


R. 
848 


850 


Sueyoshi and P. C. Anselmo: The Evans and 
Heckman Subadditivity Test: Comment 
J. Yinger: Measuring Racial Discrimination with 

Fair Housing Audits: Caught in the Act 
J. H. Kagel and D. Levin: The Winner’s Curse and 
Public Information in Common Value Auctions 


P. Rey and J. Tirole: The Logic of Vertical Re- 
straints 2.2 Meisner as Da Se ea ee 


J. Farrell and G. Saloner: Installed Base and Com- 
patibility: Innovation, Product Preannounce- 
ments, and Predation..... Satta bain EEA 

J. A. Brander and T. R. Lewis: Oligopoly and 
Financial Structure: The ‘ Limited Liability 

M. Aoki: Horizontal vs. 
Structure of the Firm 


854 


881 
894 


921 


956 
Vertical Information 


A. B. Jaffe: Technological Opportunity and Spill- 
overs of R&D: Evidence from Firms’ Patents, 
Profits, and Market Value 


J. R. Markusen: Explaining the Volume of Trade: 
An Eclectic Approach 


P. M. Garber: Nominal Contracts in a Bimetallic 
Standard 


D. Card: Efficient Contracts with Costly Adjust- 
ment: Short-Run Employment Determination 
for Airline Mechanics 


W. J. Baumol: Productivity Growth, Convergence, 
and Welfare: What the Long-Run Data Show 1072 


R. H. Gordon: Taxation of Investment and Sav- 
ings in a World Economy: The Certainty Case 1086 


D. Lam: The Dynamics of Population Growth, 
Differential Fertility, and Inequality 


G. Johnson and G. Solon: Estimates of the Direct 
Effects of Comparable Worth Policy ........ 117 
R. J. Ruffin and F. Rassekh: The Role of Foreign 
Direct Investment in U.S. Capital Outcomes 1126 
J. R. Melvin: The Nonequivalence of Tariffs and 
Import Quotas ........ 0. cece eee eee eee 1131 
E. Lichtenberg and D. Zilberman: The Welfare 
Economics of Price Supports in the U.S. Agri- 
GUITULE Hs osae ce Ged wed oS I 6 Hw whee 1135 
J. M. Poterba and L. H. Summers: The Per- 
sistence of Volatility and Stock Market Fluctua- 
HONS occ ioe wi onars E eve Pte tree aus aneieta 1142 
C. L. Schultze: The Cyclical Flexibility of Wages 1152 
R. D. Milbourne and D. F. Richards: A New View 
of the Federal Debt and Budget Deficits: Com- 
TONE soe aA E Sik wie eee a x 1154 
R. Eisner and P. J. Pieper: Reply ............ 1156 
J. R. Barth, G. Iden, and F. S., Russek: Govern- 
ment Debt, Government Spending, and Private 
Sector Behavior: Comment .............. 1158 


F. Modigliani and A. Sterling: Comment ....... 1168 
R. C. Kormendi and P. Meguire: Reply ........ 1180 
A. G. Blomqvist: The Economics of Price Scissors: 
COMMER oh ees oe T ESENE 1188 
M. R. Carter: Comment ............-.0056. 1192 
R. K. Sah and J. E. Stiglitz: Reply ........... 1195 
E. Alvi: The Production Process in a Competitive 
Economy: Comment ..............-2005 1200 
S. Bowles: Reply ..........- 0.0.2 e eee eee 1203 
W. G. Shepherd: Tobin’s q and the Structure Per- 
formance Relationship: Comment ......... 1205 


M. Smislock, T. Gilligan, and W. Marshall: Reply 1211 
E. K. Browning: Pechman’s Tax Incidence Study: 


A Note on the Data ..............00050- 1214 
J. Pechman: A Response ..............0055 1219 
R. A. Margo: Race and Human Capital: Com- 

MEN: 5 eeen E e E RRE a Beso ee as 1221 
J. P. Smith: Reply ...............02-000. 1225 


CONTENTS OF THE PAPERS AND PROCEEDINGS 


Richard T. Ely Lecture 
H. Stein: The Washington Economics Industry 
Economic Issues in the Arts 


W. J. Baumol: Unnatural Value: or Art Invest- 
ment as Floating Crap Game............ 


D. Netzer: Dance In New York: Market and Sub- 
sidy Changes ...........0...0000000-, 


J. H. Gapinski: The Lively Arts as Substitutes for 
the Lively Arts 


Supply-Side Economics: What Remains? 


M. Feldstein: Supply-Side Economics: Old Truths 
and New Claims ................000. 


L. Chimerene and R. M. Young: Economic 
Surprises and Messages of the 1980’s ...... 
G. M. von Furstenberg and R. J. Green: Supply- 
Side Modeling from Bits and Pieces ....... 


Occupations and Labor Markets: A Critical Eval- 
uation 


W. T. Bielby and J. N. Baron: Sex Segregation 
Within Operations ........... 0.00000. 


P. B. Doeringer: Internal Labor Markets and 
Noncompeting Groups ..............4. 


M. A. Ferber, C. A. Green, and J. L. Spaeth: Work 
Power and Earnings of Women and Men ... 


Politics and Economic Policies 


J. E. Alt; Party Strategies, World Demand, and 
Unemployment: The Political Economy of 
Economic Activity in Western Industrial Na- 
MLONIS 3 Fs teva a s AES E Bre Spader 


K. A. Chrystal and D. A. Peek What Can Econom- 
ics Learn from Political Science, and Vice 
Versate es eek che tae ele eee eS 

D. A. Hibbs, Jr.: Political Parties and Macroeco- 
nomic Policies and Outcomes in the United 
States ee cco hak ein och ends ary eee 

H. W. Chappell, Jr. and W. R. Keech: Party Dif- 
ferences in Macroeconomic Policies and Out- 
comes 


Developing Country Policy Responses To Exogenous 
Shocks 


B. Belassa: Policy Responses to Exogenous Shocks 
in Developing Countries 


M. J. Fry and D. M. Lilien: Monetary Policy 
Responses to Exogenous Shocks 


M. S. Khan: Developing Country Exchange Rate 
Policy Responses to Exogenous Shocks... . . 


V. Tanzi: Fiscal Policy Responses to Exogenous 
Shocks in Developing Countries 


Unions in Decline: Causes and Consequences 

R. B. Freeman: The Effect of the Union Wage 
Differential on Management Opposition and 
Union Organizing Success 

R. Edwards and P. Swaim: Union-Nonunion Earn- 
ings Differentials and the Decline of Private- 
Sector Unionism 


1 


10 


15 


31 


57 


62 


71 


vi 


P. Linneman and M. L. Wachter: Rising Union 
Premiums and the Declining Boundaries 
Among Noncompeting Groups .......... 

Economic Policy and the Theory of the Firm: New 
Perspectives 


T. G. Krattenmaker and S. C. Salop: Competition 
and Cooperation in the Market for Exclusion- 
ary Rights 

O. E. Williamson: Transforming Merger Policy: 
The Pound of New Perspectives 


Budget Reform and the Theory of Fiscal Federalism 


M. Olson: Toward a More General Theory of 
Government Structure 


D. R. Feenberg and H. S. Rosen: The Interaction 
of State and Federal Tax Systems: The Im- 
pact of State and Local Tax Deductibility . . . 


J. M. Quigley and D. L. Rubinfeld: Budget Re- 
form and the Theory of Fiscal Federalism . . 


Roundtable on Economic Education: Increasing the 
Public’s Understanding of Economics 


_ A. Rees: The Marketplace of Economic Ideas .. . 


L. Silk: Communicating Economic Ideas and 
Controversies 2.0... ec cee 
M. A. MacDowell: Increasing the Public’s Under- 
standing of Economics: What Can We Ex- 
pect from the Schools? ................ 


W. L. Hansen: What Knowledge is Most Worth 
Knowing— For Economics Majors? 


Economic Issues in U.S. Infrastructure Investment 


T. E. Keeler: Public Policy and Productivity in 
the Trucking Industry: Some Evidence of 
Highway Investments, Deregulation, and the 
55 MPH Speed Limit ................. 


G. E. Peterson: Urban Road Reinvestment: The 
Effects of External Aid ................ 


K. A. Small and C. Winston: Efficient Pricing and 
Investment Solutions to Highway Infrastruc- 
ture Needs 


The Soviet Growth Slowdown: Three Views 


S. Gomulka: Soviet Growth Slowdown: Duality, 
Maturity, and Innovation ............. 


P. Desai: Soviet Growth Retardation ......... 


V. Kontorovich: Soviet Growth Slowdown: Econo- 
metric vs. Direct Evidence 


R&D, Innovation, the Public Policy 


R. R. Nelson: Institutions Supporting Technical 
Advance in Industry 
E. Mansfield: The R&D Tax Credit and Other 
Technology Policy Issues..............-. 
H. Grabowski and J. Vernon: Longer Patents for 
Lower Imitation Barriers: The 1984 Drug Act 


R. C. Levi: A New Look at the Patent System 


103 


109 
114 
120 
126 
132 
138 


141 


145 


149 


153 


159 


165 


170 
175 


181 


195 
199 


The Monetary-Fiscal Policy Mix: Implications for 
Macroeconomic Performance 

A. F. Brimmer and A. Sinai: The Monetary-Fiscal 
Policy Mix: Implications for the Short Run 

F. C. Ribe and W. J. Beeman: The Monetary- 
Fiscal Mix and Long-Run Growth in an Open 
ECOROMY 322-4 45 sew es a e nea 288s Ss 

J. Tobin: The Monetary-Fiscal Mix: Long-Run 
Implications 


Welfare Reform: New Research and Policy Develop- 
ments 

R. Moffit: Work Incentives in the AFDC System: 
An Analysis of the 1981 Reforms ......... 

D. Friedlander, B. Goldman, J. Gueron, and 
D. Long: Initial Findings from the Demon- 
stration of State Work/Welfare Initiatives .. 

T. Fraker, B. Devaney, and E. Cavin: An Evalua- 
tion of the Effect of Cashing Out Food Stamps 
on Food Expenditures 


Changes in Wage Norms 

A. Lindbeck and D. J. Snower: Wage Setting, Un- 
employment, and Insider-Outsider Relations 

M. L. Wachter: Union Wage Rigidity: The De- 
fault Settings of Labor Law ............ 

G. L. Perry: Shifting Wage Norms and their Im- 
plications 

D. J. B. Mitchell: Union vs. Nonunion Wage 
Norm Shifts 


ee ee 


Economic Issues in Immigration Policy 

B. R. Chiswick: Illegal Aliens: A Preliminary Re- 
port on an Employee-Employer Survey 

W. J. Ethier: Illegal Immigration ............ 


F. L. Rivera-Batiz: Can Border Industries Be a 
Substitute for Immigration? 


The Political Economy of Outer Space 


L. R. Cohen and R. G. Noll: Government R&D 
Programs for Commercializing Space ..... 
J. O. Ledyard: Incentive Compatible Space Sta- 
tion Pricing ............000 eee eee 
M. K. Macauley: Out of Space? Regulation and 
Technical Change in Communications Satel- 
lites 


Siting of Hazardous Facilities 

R. C. Mitchell and R. T. Carson: Property Rights, 
Protest, and the Siting of Hazardous Waste 
Facilities. 5.205 irane co's ovale sce ces eed clans 

V. K. Smith and W. H. Desvousges: Asymmetries 
in the Valuation of Risk and the Siting of 
Hazardous Waste Disposal Facilities ...... 

H. Kunreuther and P. R. Kleindorfer: A Sealed-Bid 
Auction Mechanism for Siting Noxious Facil- 
WES ics a ay NG Sain liars. ¢ EA e En sree 

Regional Growth Patterns: Trends, Prospects and 
Policy Implications 

B. Chinitz: The Regional Transformation of the 
American Economy 


219 


224 


230 


245 


249 


274 


291 


295 


B. H. Stevens and G. I. Treyz: A Multiregional 
Model Forecast for the United States Through 
1995. aiea e a saa, Hele nea eS Os 


C. L. Leven: Analysis and Policy Implications of 
Regional Decline 


The Market for Corporate Control 

H. Demsetz: Corporate Control, Insider Trading, 
and Rates of Return ............. 000s 

M. Hirschey: Mergers, Buyouts and Fakeouts ... 


M. C. Jensen: Agency Costs of Free Cash Flow, 
Corporate Finance, and Takeovers........ 


The International Dimensions of Fiscal Policies 

J. A. Frenkel and A. Razin: The International 
Transmission and Effects of Fiscal Policies 

J. Sachs: The Uneasy Case for Greater Exchange 
Rate Coordination... ............-.45. 


M. Feldstein: U.S. Budget Deficits and the Euro- 
pean Economies: Resolving the Political 
Economy Puzzle ......... 0.00 e eee 


Do Government Programs Close the Racial Gap? 


E. D. Carson: The Black Underclass Concept: 
Self-Help vs. Government Intervention .... 


W. Vroman: Transfer Payments, Sample Selection 
and Male Black-White Earnings Differences 


J. M. Culp, Jr.: Federal Courts and the Enforce- 
ment of Title VII 


J. S. Leonard: What was Affirmative Action? .. . 


ee ee ee 


Equity Between the Sexes in Economic Participation 
E. Sorensen: Implementing Comparable Worth: A 
Survey of Recent Job Evaluation Studies... . 
M. White: Sex Differences in Urban Commuting 
Patterns 
N. L. Maxwell and R. J. D’Amico: Employment 
and Wage Effects of Involuntary Job Sep- 
aration: Male-Female Differences......... 
N. Zalokar: Generational Differences in Female 
Occupational Attainment—Have the 1970's 
Changed Women’s Opportunities? ........ 


eeresessesosesseseveressses 


. Oligopolistic Markets with Price-Setting Firms 


vii 


E. Maskin: The Existence of Equilibrium with 
Price-Setting Firms 
B. Allen and M. Hellwig: Price-Setting Firms and 
the Oligopolistic Foundations of Perfect 
Competition 
J. Sutton: Vertical Product Differentiation: Some 
Basic Themes 


Government Policy and Poverty 


F. S. Levy and R. C. Michel: Work for Welfare: 
How Much Good Will It Do? 


S. Danziger and P. Gottschalk: Do Rising Tides 
Lift All Boats? The Impact of Secular a 
Cyclical Changes on Poverty 


eee em ee ee 


Distinguished Lecture on Economics in Government 
G. Jaszi: An Economic Accountant's Audit 


304 


308 


313 
317 


323 


330 


373 


378 


393 


399 


405 


CONTRIBUTORS TO ARTICLES AND SHORTER PAPERS 


Abraham, K. G. 273 
Alvi, E. 1200 
Anderson, R. G. 587 
Anselmo, P. C. 854 
Anthony, R. N. 244 
Aoki, M. 971 
Applebaum, E. 524 
Arvan, L. 259 
Barsky, R. B. 676 
Barth, J. R. 1158 
Baumol, W. J. 1072 
Benjamini, Y. 221 
Benjamini, Y. 221 
Bernanke, B. 82 
Bernheim, B. D. 789 
Betson, D. M. 551 
Bivin, D. G. 168 
Blair, D. W. 259 
Blomgvist, A. G. 1188 
Bloom, D. E. 408 
Bohanon, C. E. 277 
Bond, E. W. 820 
Bowles, S. 1203 
Brander, J. A. 956 
Bresnahan, T. 742 
Breton, A. 530 
Briden, G. 286 
Browning, E. K. 1214 
Cantor, R. 204 
Card, D. 1045 
Carlton, D. W. 637 
Carter, M. R. 1192 
Cassing, J. H. 516 
Cavanagh, C. L. 408 
Cherkes, M. 559 
Cohen, M. S. 268 
Cole, W. E. 570 
Cooley, T. F. 504 
Cottle, R. L. 264 
Crain, M. 833 
Cullis, J. G. 250 

De Long, J. B. 1031 
Dewald, W. G. 587 
Dollar, D. 177 
Dotsey, M. 33 
Driskill, R. A. 802 
Eisner, R. 1156 
Ethier, W. J. 56 
Evans, G. W. 621 
Farrell, J. 940 
Flavin, M. A. 808 
Friedman, J. 559 
Gahvari, F. 280 
Gallagher, M. 247 
Garber, P. M. 1012 
Gilligan, T. 1211 
Gisser, M. 756 
Gordon, R. H. 1086 
Greenberg, D. 551 
Greenfield, R. L. 848 


viii 


Griliches, Z. 141 
Grimes, D. R. 268 
Gwartney, J. 284, 557 
Hamilton, J. D. 808 
Hillman, A. L. 516 
Holland, A. S. 235 
Hollander, S. 548 i 
Holt, C. A. 508 

Iden, G. 1158 

Jaffe, A. B. 984 
Johnson, G. 1117 
Johnson, W. R. 455 
Jones, P. R. 250 
Kaen, F. R. 212 
Kagel, J. H. 894 
Kahneman, D. 728 
Katz, E. 524 
Kindleberger, C. P. 1 
King, R. 33 

Knetsch, J. L. 728 
Knoeber, C. R. 155 
Kohli, U. 539 
Kormendi, R. C. 1180 
Koskela, E. 289 
LaLonde, R. J. 604 
Lam, D. 1103 

Lazear, E. P. 14 
Leavens, D. 833 
LeRoy, S. 504 

Levin, D. 894 

Lewis, T. R. 827, 956 
Lichtenberg, E. 1135 
Lippman, S. A. 43 
Loury, G. C. 827 
Lovell, M. C. 110 
McCall, J. J. 43 
McCormick, R. E. 564 
Mankiw, N. G. 676 
Margo, R. A. 794, 1221 
Markusen, J. R. 1002 
Marsh, T. A. 483 
Marshall, W. 1211 
Meguire, P. 1180 
Melvin, J. R. 1131 
Merton, R. C. 483 
Milbourne, R. D. 1154 
Miron, J. A. 125 
Modigliani, F. 297, 1168 
Obstfeld, M. 72 
Oswald, A. J. 365 
Pechman, J. A. 1219 
Peters, H. E. 437 
Pieper, P. J. 1156 
Plaut, S. E. 257 
Polkinghorn, B. A. 845 
Poterba, J. M. 659, 1142 
Ram, R. 191 

Ramirez, M. D. 543 
Rassekh, F. 1126 
Rey, P. 921 


Richards, D. J. 1154 
Rob, R. 378 

Robins, P. K. 768 
Romer, C. 314 

Rosen, S. 701 
Rosenman, R. E. 212 
Rosenzweig, M. R. 470 
Rotemberg, J. J. 390, 659 
Ruffin, R. J. 1126 
Russek, F. S. 1158 
Sah, R. K. 716, 1195 
Saloner, G. 390, 940 
Samuelson, L. 820 
Sanders, R. D. 570 
Schultze, C. L. 1152 
Schwab, S. 228 
Schwartz, A. R. 268 
Sheffrin, S. M. 802 
Shepherd, W. G. 1205 
Shiller, R. J. 499 
Shughart, W. F, II 564 
Skinner, J. 455 
Smirlock, M. 1211 
Smith, J. P. 1225 
Solon, G. 1117 
Spivak, A. 559 


CONTRIBUTORS TO PAPERS AND PROCEEDINGS 


Allen, B. 387 

Alt, J. E. 57 

Balassa, B. 75 
Baron, J. N. 43 
Baumol, W. J. 10 
Beeman, W. J. 209 
Bielby, W. T. 43 
Brimmer, A. F. 203 
Carson, E. D. 347 
Carson, R., T. 285 
Cavin, E. 230 
Chappell, H. W., Jr. 71 
Chimerine, L. 31 
Chinitz, B. 300 
Chiswick, B. R. 253 
Chrystal, K. A. 62 
Cohen, L. R. 269 
Culp, J. M., Jr. 355 
Danziger, S. 405 
D’Amico, R. J. 373 
Demsetz, H. 313 
Desai, P. 175 
Desvousges, W. H. 291 
Devaney, B. 230 
Doeringer, P. B. 48 
Edwards, R. 97 
Ethier, W. J. 258 
Feenberg, D. R. 126 
Feldstein, M. 26, 342 
Ferber, M. A. 53 


Sterling, A. 1168 
Stiglitz, J. E. 716, 1195 
Stoker, T. M. 335 
Stroup, R. L. 284, 557 
Sueyoshi, T. 854 


Summers, L. H. 659, 1031, 1142 


Thaler, R. 728 
Thursby, J. G. 587 
Tirole, J. 921 
Todaro, M. P. 566 
Tollison, R. D. 564, 883 
Tracy, J. S. 423 
Van Cott, T. N. 277 
Virén, M. 289 
Wallace, M. 264 
Walsh, C. E. 692 
Wernerfelt, B. 842 
White, L. H. 850 
Wicker, E. 350 
Wintrobe, R. 530 
Wolpin, K. I. 470 
Yeager, L. B. 848 
Yinger, J. 881 
Zedella, J. 286 
Zeldes, S. P. 676 
Zilberman, D. 1135 


Fraker, T. M. 230 
Freeman, R. B. 92 
Frenkel, J. A. 330 
Friedlander, D. 224 
Fry, M. J. 79 
Gapinski, J. H. 20 
Goldman, B. 224 
Gomulka, S. 170 
Gottschalk, P. 405 
Grabowski, H. 195 
Green, C. A. 53 
Green, R. J. 37 
Gueron, J. 224 
Hansen, W. L. 149 
Hellwig, M. 387 
Hibbs, D. A., Jr. 66 
Hirschey, M. 317 
Jaszi, G. 411 
Jensen, M. C. 323 
Keech, W. R. 71 
Keeler, T. E. 153 
Khan, M. S. 84 
Kontorovich, V. 181 
Kleindorfer, P. R. 295 
Krattenmaker, T. G. 109 
Kunreuther, H. 295 
Ledyard, J. O. 274 
Leonard, J. S. 359 
Leven, C. L. 308 
Levin, R. C. 199 


Levy, F. S. 399 
Lilien, D. M. 79 
Lindbeck, A. 235 
Linneman, P. 103 
Long, D. 224 
Macauley, M. K. 280 
MacDowell, M. A. 145 
Mansfield, E. 190 
Maskin, E. 382 
Maxwell, N. L. 373 
Michel, R. C. 399 
Mitchell, D. J. B. 249 
Mitchell, R. C. 285 
Moffitt, R. 219 
Nelson, R. R. 186 
Netzer, D. 15 

Noll, R. G. 269 
Olson, M. 120 

Peel, D. A. 62 

Perry, G. L. 245 
Peterson, G. E. 159 
Quigley, J. M. 132 
Razin, A. 330 

Rees, A. 138 

Ribe, F. C. 209 
Rivera-Batiz, F. L., 263 
Rosen, H. S. 126 


Rubinfeld, D. L. 132 
Sachs, J. 336 
Salop, S. C. 109 
Silk, L. 141 

Sinai, A. 203 
Small, K. A. 165 
Smith, V. K. 291 
Snower, D. J. 235 
Sorensen, E. 364 
Spaeth, J. L. 53 
Stein, H. 1 


. Stevens, B. H. 304 


Sutton, J. 393 
Swaim, P. 97 
Tanzi, V. 88 
Tobin, J. 213 
Treyz, G. I. 304 
Vernon, J. 195 
von Furstenberg, G. M. 37 
Vroman, W. 351 
Wachter, M. L. 103, 240 
White, M. 368 
Williamson, O. E. 114 
Winston, C. 165 

Young, R. M. 31 
Zalokar, N. 378 





New titles from 
Harvard 
University 
Press 


Understanding Capital 

Marx’s Economic Theory 

Duncan K. Foley 

Ina brilliantly lucid introduction to Marxist 
economic theory, Duncan Foley builds an 
understanding of the theory systematically, 
from first principles through the definition of 
central concepts to the development of impor- 
tant applications. AH of the topics in the three 
volumes of Capital are included, providing the 
reader with a complete view of Marxist 
economics. 

$20.00 


The Logic and Limits of 


Bankruptcy Law 

Thomas H. Jackson 

Legal scholar Thomas H. Jackson identifies the 
underlying principles of bankruptcy law and 
develops an economic analysis of its main prob- 
lems —a framework that permits him to view 
the field as a whole rather than as a collection of 
disparate policies and historical artifacts. 


“I cannot think of any book on bankruptcy that 
is comparable to this in breadth or theoretical 
sophistication.” — Anthony Kronman, 

‘Yale Law School 
$25.00 


The Control Revolution 

Technological and Economic Origins of 

the Information Society 

James R. Beniger 

“An exquisite job of synthesis. This is one of 

those seminal works that change the way not 

only scholars but people in general look at the 

work.’ — Anthony Oettinger, 
Harvard University 

$25.00 


Harvard 





Ilustration by Steve Damaskos. 


Medical Care, Medical Costs 

The Search for a Health Insurance Policy 
Rashi Fein 

In a clearly written book that is both history 

and analysis, Fein makes an elegant plea for 
equity in the shaping of medical care delivery. 
“An exceptionally well-written book, more 
cogently argued than anything extant. Sophisti- 


. cated and sensible... the non-specialist can 


follow and enjoy reading it." —Eli Ginsberg 
$20.00 


Paperbacks 
Winner of the 1985 Pulitzer Prize — 
in History 


Prophets of Regulation 

Thomas K. McCraw 

“A novel, stimulating approach... McCraw’s 
effort to clarify the nature of regulation by 
carefully integrating biography, history of 
ideas, and regulatory strategy pays handsome 
dividends.” — Washington Post Book World 
Belknap 

$18.95 paper 


Reality and Rhetoric 

Studies in the Economics 

of Development 

P.T. Bauer 

“Peter Bauer is the world’s foremost authority 
on economic development . . . In Reality and 
Rhetoric he destroys many popular myths about 
economic development . . . His scholarship is 
devastating, and it will leave sensitive readers 
with a sense of outrage at development econo- 
mists whose ignorant meddling has devastated 
poor and struggling people” 

— Wall Street Journal 


$6.95 paper 


UNIVERSITY PRESS 


79 GARDEN ST., CAMBRIDGE, MASSACHUSETTS 02138 
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INPERNATIONAL MONETARY FUND 
ST TAEEFEF PAPERS 


The latest issue of IMF Staff Papers contains studies. by the Fund’s staff on 
international monetary and financial problems. Among the articles included in the 
December 1986 issue are: 


Output and Unanticipated Money with Imported Intermediate Goods and Foreign 
Exchange Rationing 
by Ajai Chopra and Peter Montiel 


Labor Market Disequilibrium and the Scope for Work-Sharing: A Case Study of the 
Netherlands 


MINIMOD: Specifications and Simulation Results 


by Richard D. Haas and Paul Masson 
On Target Zones 


by Jacob A. Frenkel and Morris Goldstein 
Profits Theory and Profits Taxation 


by Edmund S. Phelps 


Subscription rates: US$15.00 per volume, US$4.00 for a single issue. Special rates 
for university libraries, faculty, and students: US$4.50 per volume. 
Available from: Publications Unit, Box E-290 e International Monetary Fund 
700 19th Street, N.W. e Washington, D.C. 20431, U.S.A. 
Telephone (202) 623-7430 
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CHICAGO 


ECONOMIC ADJUSTMENT AND 
EXCHANGE RATES IN DEVELOPING COUNTRIES 
Edited by Sebastian Edwards and Liaquat | Ahamed 


Leading economists tackle various exchange-rate issues and their policy implications. 
Contributors: Sweder van Wijnbergen, Michael Mussa, Joshua Aizenman, Jacob A. Frenkel, 
Rudiger Dornbusch, Guillermo A. Calvo, Maurice Obstfeld, Sebastian Edwards, William H. 
Branson, Louka T. Katseli, Jorge Braga de Macedo, Arnold C. Hamberger, and commentators. 


Cloth $48.00 456 pages NBER Conference Report 

THE AM LONG-TERM FACTORS 
EUS RESE Crete IN AMERICAN ECONOMIC 
Continuity and Change | GROWTH 


Edited by Robert J. Gordon 


In the past decade the American economy 
went through a business cycle that included 
its worst peacetime inflation in history and its 
highest unemployment rate since the Great 
Depression. This volume reexamines the 
nature and causes of such cycles, especially 
in light of events such as the Korean and 
Vietnam wars and the energy crisis, and 
provides a broad historical view of changes 
in United States business-cycle behavior. 
Cloth $78.00 896 pages 

NBER Studies in Business Cycles, 

Volume 25 





Now in paper 


MACROECONOMICS 


A Neoclassical Introduction 
Merton H. Miller 


and Charles W. Upton 
With a new Preface 


This book has become for many an 
indispensable text for the teaching of 
macroeconomics, valued for its monetarist 
approach and its lucid and extensive use of 
computer-simulated models as a teaching 
device. “A ‘classic’ in the sense that every 
serious student of macroeconomics is likely 
to want it in his or her library.”—John P. 
Gould, University of Chicago 
$14.95 384 pages (est.) 


Edited by Stanley L. Engerman 
and Robert E. Gallman 


These studies of the historical process of 
economic change in nineteenth- and 
twentieth-century United States, Canada, 
and the British West Indies represent a major 
step toward understanding the sources of 
economic growth. The contributors discuss 
national product; capital stock and the 
distribution of wealth; fertility, health, and 
mortality; labor supply; and agriculture, 
manufacturing, transportation, and 
government. 

Cloth $69.00 (est. ) 696 pages (est.) 
NBER Studies in Income and Wealth, 
Volume 51 


MISREGULATING 
TELEVISION 

Network Dominance and the FCC 
Stanley M. Besen, Thomas G. 
Krattenmaker, A. Richard Metzger, 
Jr, and John R. Woodbury 


“| wish sleepless nights on all policymakers 
who fail to read the brief last chapter.” 
—Christopher Podmore, Telecommunications 
Policy 

$9.95 210 pages 
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5801 South Ellis Avenue, Chicago, IL 60637 
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David Friedman’s 


PRICE THEORY... 


“David Friedman's Price Theory will, I predict, become 
familiar to students through lectures of their instructors, 
who will find the book extraordinarily interesting and 

. instructive lecture material. The book provides interest- 
ing applications the students can grasp while reading 
and contemplating, permitting the instructor to con- 
centrate on clarification of principles, concepts and 
diagrammatic technique, for which the classroom is 
better suited.” 

—Arman Alchian 
















- “This unorthodox new textbook doesn't just teach basic 
economics; it celebrates the discipline as a sort of cosmic 
nutpick, a key to everything from child rearing to 
conventional warfare.” 

—Jolie Solomon 
The Wall Street Journal 





“I highly recommend this text to students and others 
with curiosity about . . . our world. David Friedman 
obviously enjoys his work, for his enthusiasm is manifest 
on almost every page.” 

—Gary S. Becker- 
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AEA sponsored 
Group Life Insurance 
for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. - 

Because AEA participates in a large Insurance Trust 
which includes other scientific and technical organizations, the 
low cost may be even further reduced by premium credits. In 
the past nine years, insured members received credits on 
their April 1 semiannual payment notices averaging over 40% 
of their annual premium contributions. (These credits are based 
on the amount paid during the previous policy year ending 
September 30.) Of course future premium credits, and their 
amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill out 
and return the coupon for more details at no obligation. 


Administrator, AEA Group Insurance Program 
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j 1255 23rd Street, N.W. H-8 l 
I Washington, D.C. 20037 i 
i Please send me more information about the AEA Life Insurance Plan. ! 
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Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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Ford Foundation Fellowships in 
European Society and Western Security 


Harvard University’s Center for International Affairs and 
Center for European Studies, in collaboration with the Ford 
Foundation, announce dissertation and post-doctoral support 
for research on the relationship between European society 
and Western security. This program places special emphasis 
on major policy issues and alternatives facing Europeans in 
the field of security, broadly defined, and the internal factors 
that influence European choices among these alternatives. 
The centers are particularly interested in building bridges 
among the social sciences and between European studies and 
strategic/defense studies. Past grants have been awarded for 
work in economics, history, political science, and sociology, and 
to Fellows from ten colleges and universities nationwide. Appli- 
cations from women and minorities are especially welcome. Fel- 
lows selected will spend the 1987-88 academic year at the Center 
for International Affairs and the Center for European Studies pur- 
suing their studies in the Fellowship topic area and participating 
in a research seminar. The Dissertation Fellowship carries a 
stipend of $11,000 and the Post-Doctoral Fellowship, a stipend of 
$22,000. The deadline for applications is February 17, 1987, and 
committee will reach a decision by April 1, 1987. For more infor- 
mation, write: Fellowship Office, Room 402, Center for Interna- 
tional Affairs, Harvard University, 1737 Cambridge St., Cam- 
bridge, MA 02138; or call (617)495-1669. 
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St. Martins 1987 
ECONOMICS titles... | 
adaressing the major issues 


International Economic 
Problems and Policies 
H. PETER GRAY, Rutgers University 


A nontechnical, issue-oriented introduc- 
tion to international economic phenomena 
and their influence on domestic policies, ` 
this book examines both the macro issues 
of commercial policy (trade) and the 
mechanics of international payments 
(finance). Gray provides unique in-depth 
coverage of multinational corporations, 
focusing on such important real-world 
issues as the use and misuse of trade war- 
fare and the effects of international trade 
on employment. 

496 pages (probable). 

Publication: February 1987 

Instructor's Manual available 


Urban Economics and 
Public Policy 

Third Edition 

JAMES HEILBRUN, Fordham University 


A clear, comprehensive introduction to the 
study of urban economics, this text offers 
a balanced treatment of urban economic 
theory and public policy issues. The book 
first covers growth theory, location theory, 
and the system of cities; and then applies 
these theories to such key urban problem 
areas as transportation, poverty, housing, 
and public finance. This new edition is 
updated with current statistics, and the 
policy chapters are fully revised to reflect 


-changes introduced during the Reagan ~ 


administration. 
594 pages (probable) 
Publication: February 1987 


To request an examination copy of either of 
these titles, please write us on your college 
letterhead specifying your course title, present 
text, and approximate enrollment. Send your 
request to: 


ST. MARTIN’S PRESS 


Department JR, 175 Fifth Avenue, New York, New York 10010 SMP 
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Contributions to Mathematical 
Economics 

In Honor of Gérard Debreu 

W. Hildenbrand and A. Mas-Colell 
(editors) 

US $69.00 

ISBN 0-444-87924-2 





International Trade and 
Exchange Rates in the Late 
Eighties 


Proc. of the Conference 
Namur/Brussels/Leuven, Belgium, 
6-8 June 1985 


T. Peeters, P. Praet and P. Reding 
(editors) i 


US $80.00 
ISBN 0-444-87941-2 


Public Enterprise Economics 
Theory and Application 

D. Bös 

Advanced Textbooks in Economics, 23 


US $32.50 
ISBN 0-444-87899-8 


Optimal Control Theory with 
Economic Applications 

A. Seierstad and K. Sydsæter 
Advanced Textbooks in Eeonarnics, 24 


US $49.50 
ISBN 0-444-87923-4 


Capital Markets and Prices: 
Valuing Uncertain Income 
Streams 

C.G. Krouse 

Advanced Textbooks in Economics, 25 


US $49.00 
ISBN 0-444-87931-5 
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NORTH-HOLLAND 
NEW BOOKS IN ECONOMICS 


Rivalrous Consonance: A 
Theory of General Oligopolistic 
Equilibrium 

R.E. Kuenne 

Contributions to Economic Analysis, 157 


US $30.00 
ISBN 0-444-87937-4 


The Dynamics of Market 
Economies 

R.H. Day and G. Eliasson 
(editors) 


US $65.00 
ISBN 0-444-87841-6 


International Trade: Surveys of 
Theory and Policy 


Selections from the Handbook of 
International Economics 


R.W. Jones (editor) 


US $29.75 
ISBN 0-444-87950-1 


Bayesian Inference and 
Decision Techniques: Essays in 
Honor of Bruno de Finetti 

P.K. Goel and A. Zellner (editor) 


Studies in Bayesian Econometrics and 
Statistics, 6 


US $62.50 
ISBN 0-444-87712-6 


Improved Methods of Inference 
in Econometrics 

G. Judge and T.A. Yancey 

Studies in Mathematical and Managerial 
Economics, 34 


US $59.00 
ISBN 0-444-87936-6 





te) 


GRAND í CENTRAL STATION 
NEW YORK, NY 10163, USA 
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NH/ECON/BK/0949 


THE NEW EDITION OF A PROVEN SUCCESS 
FOR YOUR ONE-TERM COURSE 


INTRODUCTORY ECONOMICS. 

Sixth Edition Briere 
Sanford D. Gordon, Russell Sage College, INTRODUCTORY 
New York State Council on Economic Education ECONO SS 
George G. Dawson, Empire State College Se 
Center for Business and Economic Education, 

State University of New York 

1987 Cloth 490 pages 

1987 Paper 490 pages 

*Instructor’s Guide / Test Item File / Study 

Guide / Archive Computerized Test Program 

(for Apple® and IBM PC®) 


Practical, real-world problems are the focus of this lively and accessible 
introductory economics text, with topics in international economics 
woven into every chapter. Based on an analytical/problem-solving 
approach, the book’s proven teaching and learning system features four 
broad review models — demand and supply, long-run equilibrium, pric- 
ing factors of production, and national income determination. Within 

- this conceptual framework, students are introduced to microeconomic 
and macroeconomic theory with applications to current problems and 
issues, New material has been added on federal tax reform, the value- 
added tax, employee buyouts, indicative planning in France and Japan, 


and recent changes in the Chinese economy. Sections on deregulation 
and the theory of rational expectations have been expanded, and a sim- 
ple graphic summary explains the reasons behind the U.S. agricultural 
depression of the mid-1980's, providing an excellent review of demand 
and supply. Throughout, more emphasis is given to the special economic 
problems of consumers, women, minorities, and the “new poor.” 


Highlights: 

a Anew emphasis in the Sixth Edition on international economics 
reflects the growing importance to Americans of the world economy. 

= Anew feature, “Controversies in Our Times,” appears in many chap- 
ters to highlight such controversial issues in economics as mergers and 
acquisitions, nuclear energy, and the public debt. 

® Boxed items highlight current events which illustrate major principles 
discussed in the chapters. 

= Charts, graphs, and statistics have been updated throughout the text. 

a Highly successful learning aids include: chapter objectives, summaries, 
highlights, key terms and names, marginal notes to reinforce con- 
cepts, review questions and problems, boxed items to identify and 
explain common mistakes, and a greatly expanded glossary of terms. 


*Apple is a registered trademark of Apple Computer, Inc. 
**1BM PC is a registered trademark of International Business Machines Corp. 


For details or sample copies, call us toll free at: (800) 235-3565. 


D.C. Heath and Compan 
College Division / 125 Spring Street / Lexington, MA 02173 
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Sees 

[1 
Wealth and Poverty 
The Economics of Distribution 
GORDON TULLOCK 


272 pages 
0-8147-8174-8 


- Liberty, Market, and 
the State 
Political Economy in the 1980s 
JAMES M. BUCHANAN 
320 pages 
0-8147-1085-9 . 


$40.00 


$45.00 


Game Theory for the 
Social Sciences 
Second and Revised Edition 
HERVÉ MOULIN 
256 pages, paper 
0-8147-5431-7 

256 pages, cloth 
0-8147-5430-9 


$18.00 


$45.00 


Eighty-Nine Exercises 
with Solutions from 
Game Theory for the 
Social Sciences 

HERVE MOULIN 


156 pages, paper 
0-8147-5433-3 
156 pages, cloth 
0-8147-5432-5 


$7.50 


$25.00 


New York University Press 





Agricultural Policy and 
Trade 


Adjusting Domestic Programs in 
an International Framework 


D. GALE JOHNSON, KENZO 
HEMMI, and PIERRE LARDINOIS 


114 pages $18.50 
0-8147-4167-3 


The Theory of Duality 
and International 
Trade 

PASQUALE M. SGRO 


320 pages 
0-8147-7864-X 


$35.00 


The Logic of Economic 
Discovery 

Neoclassical Economics and the 
Marginal Revolution , 
ROBERT M. FISHER 
240 pages 
0-8147-2581-3 


$40.00 


Economic History 
and the History of 
Economics 

MARK BLAUG 


336 pages 
0-8147-1090-5 


$40.00 





NEW YORK UNIVERSITY PRESS 
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New York University Press al 


Economic Organization 
Firms, Markets, and Policy 
Controls 

OLIVER E. WILLIAMSON 
288 pages 

0-8147-9208-1 


$45.00 


International Trade 
Theoretical Issues 
BHARAT R. HAZARI 
3820 pages 
0-8147-3438-3 


$47.50 


Public Financing ina 

Democratic Society 

Vol. I : Social Goods, Taxation and 
Fiscal Policy 

Vol. II: Fiscal Doctrine, Growth, and 
Institutions 

RICHARD A. MUSGRAVE 

Vol. I: 416 pages 

0-8147-5428-7 

Vol. IT: 416 pages 

0-8147-5429-5 

The Set: 

0-PUBV-OLSE-T 


$65.00 
$65.00 


$120.00 


Subjectivism, 
Intelligibility and 
Economic 
Understanding 
ISRAEL M. KIRZNER, Editor 


336 pages’ $35.00 
0-8147-4589-X 








Human Desire and 
Economic Satisfaction 
Essays on the Frontiers of ` 
Economics 

TIBOR SCITOVSKY 

288 pages 

0-8147-7862-3 


$45.00 


Arrow and the Ascent 
of Modern Economic 
Theory 

GEORGE R. FEIWEL, Editor 


768 pages 
0-8147-2582-1 


$75.00 


Arrow and the 
Foundations of the 
Theory of Economic 
Policy 

GEORGE R. FEIWEL, Editor 
832 pages 

0-8147-2583-X 


$75.00 


Controversies in 
Political Economy 
Selected Essays by 

G.C. Harcourt 

O. M. HAMOUDA, Editor 
272 pages 

0-8147-3437-5 


$40.00 


WASHINGTON SQUARE, NEW YORK, N.Y. 10003 


Or call: (914) 591-9111 
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BASIC Issues 


New 


Bailout The Capitalist Revolution 


An Insider's Account of Fifty Propostions About 
Bank Failures and Rescues Prosperity, Equality, and Liberty 
IRVINE H. SPRAGUE PETER L. BERGER 


The Economic Emergence The Intemational 


of Women Money Game 
BARBARA BR. BERGMANN Fifth Edition, Revised 


Kina Sol Mi ROBERT Z. ALIBER 
n omon’s Mines F 
3 Revisited The Transformation of 
Westem Interests and the American Industrial Relations 
Burdened History of Southern Africa THOMAS A. KOCHAN, HARRY C. KATZ, 
WILLIAM MINTER & ROBERT B. McKERSIE 


Forthcoming in Spring 1987 


Manufacturing Matters Running American Business 
The Myth of the Post-Industrial Economy Top CEOs Rethink Their Major Decisions 


STEPHEN S. COHEN & JOHN ZYSMAN ROBERT BOYDEN LAMB 
February April 


Social Security Unheard Voices 
The System that Works Labor and Economic Policy 
MERTON C. BERNSTEIN in a Competitive World 
& JOAN BRODSHAUG BERNSTEIN RAY MARSHALL 
February March 


World Resources 1987 


WORLD RESOURCES INSTITUTE & 
THE INTERNATIONAL INSTITUTE FOR ENVIRONMENT AND DEVELOPMENT 
March 


Now in Paperback ——————— 
The Second Industrial Divide 
Corporate Leadership in Action Possibilities for Prosperity 
HARRY LEVINSON & STUART ROSENTHAL MICHAEL J. PIORE & CHARLES F. SABEL 


Forthcoming in Paperback ————————— 
Beyond Human Scale Thinking Economically 


The Large Corporation at Risk How Economic Principles Can 
ELI GINZBERG & GEORGE VOJTA Contribute to Clear Thinking 
April MAURICE LEVI 
April 
Basic Books, Inc. 
10 East 53rd St., New York, NY 10022 
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Two new second editions from 
Harlan Davidson, Inc. 





Contemporary Developments in 
Financial Institutions 
and Markets, Second Edition 


Edited by Thomas M. Havrilesky, Duke University, and Robert Schweitzer, 
University of Delaware 


The fast pace of change in the financial institutions and markets area has made a major revision 
of this popular collection of readings absolutely necessary. Fully half of the original articles have 
been replaced in this edition by new readings on changes in the thrift industry; the repurchase 
agreement markets; securitization; futures markets; options markets; and interest rate swaps. 

Like the first edition, this revision of Contemporary Developments in Financial Institu- 
tions and Markets contains readings by prominent financial economists that enable the student 
and general reader to understand the financial system and to grasp the mechanics and significance 
of recent major changes. . 

Contemporary Developments i in Financial Institutions and Markets, Second Edition, 
is suitable for courses in Financial Institutions and in Money and Banking and related areas. 


480 pages (t) paper 





Introduction to Modern 
Macroeconomics, Second Edition 


by Thomas M. Havrilesky, Duke University 


Introduction to Modern Macroeconomics continues to gain ground as a successful 
alternative to both New Classical textbooks that many students find too difficult and texts using 
the obsolete LM-1s approach. 

Introduction fo Modern Macroeconomics, Second Edition, is saccompented bya 
complete study guide and a computer tutorial disk designed for use on 18M PC—compatible systems. 
The ancillary materials now help to make the theories and applications of intermediate macro- 

' economics understandable to an even wider range of students. But the text, carefully revised and 
improved throughout, stands alone as the means by which to bring the student to the frontiers of 
applied macroeconomics without requiring a technical background beyond the principles course. 


450 pages (t) cloth edition 
Student’s Assistance Manual, 208 pages, paper edition 


Examination copies of the texts and Student’s Assistance Manual available on a 60-day approval basis only. Examination 
copies of the computer tutorial disk are not available. A master copy is free upon request with adoptions of the text. 


Harlan Davidson, Inc. 
3110 North Arlington Heights Road 
Arlington Heights, Illinois 60004-1592 
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GENERAL EQUILIBRIUM MODEL FOR MICRO-COMPUTERS 


GEMODEL 2.0 


Solves open or closed, two, or 
three-industry small open economy 
models employing two or three 
factors. Industries can have con- 
stant or diminishing returns to 
scale. Admits one to nineteen 
household groups with or without 
income/leisure choice. Solves with 
a wide array of factor, commodity 
and income taxes. 


PRICE: US$ 395.00 


Ideal to enrich 
courses in Price 
Theory, Trade and 
Finance by solving 
models 


within seconds 
at 48 different 
levels of complexity 
with 
18 to 176 equations. 





GESTATS 


Calibrates GEMODEL parameters 
to data and elasticity assumptions. 
Checks data consistency. 

PRICE: US$ 195.00* 
GEREPORT 


Compares GEMODEL simulation 
results with the base case or with 
other simulation results. Computes 
measures of welfare change and 
marginal costs of taxes. 

PRICE: US$ 95.00* 
GEDATA 


18 data files for exercises in price 
theory, trade and finance using 
GEMODEL. 

PRICE: US$ 25.00* 





*When ordering, please specify whether it is for use with GEMODEL 1.7 or GEMODEL 2.0 - 


SYSTEM REQUIREMENTS: All GEMODEL 
software requires only 256K, 2 drives, and DOS 2.1 
(or better) in an IBM PC, XT, AT or compatible. 


DEMONSTRATOR diskette for GEMODEL 2.0: US$ 25.00 


MATH CO-PROCESSOR Support: US$ 55.00 
extra for any or all programs supplied on one 
diskette. 


Users of earlier versions of GEMODEL can order the GEMODEL 2.0 update for only US$ 95.00. 


DISCOUNTS: For pre-paid order of GEMODEL, Gestats, GEREPORT and GEDATA on one purchase 


order: 10% off list price. 


10 copies of any of the above software on one order: 70% off list price. 
20 copies of any of the above software on one order: 80% off list price. 


TO ORDER write to: 


D.I.A. Agency Inc., 1879 Kingsdale Ave., Ottawa, Ontario, CANADA KIT 1H9 .. 


Ask also about our ECONOMISTS’ TOOLKIT, a selection of software for the economist. 


DIA 
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BALLINGER 


AMERICAN SOCIETY 
Public and Private Responsibilities 


Edited by Winthrop Knowlton and 
Richard Zeckhauser 


Prepared under the auspices of the Center for Business 
and Government in celebration of Harvard University's 
350th and the John F. Kennedy School's 
50th anniversaries, 
“|, an excellent volume of essays by distinguished 
authors on the basic question for the structure of 
American government the allocation of responsibilities 
between the public and private sectors.... The essays are 
filled with wisdom, balance, and occasional wit” 
— Kenneth J. Arrow, Stanford University 

Nobel Laureate in Economics, 1972 


“American Society's essays . . . are challenging, wise, 
thought-provoking and must reading for the players in 
both sectors.” 
— Irving S. Shapiro 

former Chairman of the Board, Dupont 

Partner, Skadden, Arps, Slate, Meagher, & Flom 
1986 0-88730-129-0 $24.95, cloth 360 pages 





TECHNOLOGY AND ECONOMIC 
POLICY 
Edited by Ralph Landau and Dale W. Jorgenson 


This book fills an important gap in the debate over 
economic policy by providing a technological perspective 
on business taxation, the federal deficit, the cost of 
capital, and the international competitiveness of the U.S. 
economy. The eminent contributors offer a thorough 
discussion of U.S. economic policy, particularly as it 
affects technology, and provide a realistic agenda for 
future research. 

1986 0-88730-068-5 


$29.95, cloth 376 pages 


MONETARISM AND 
LIBERALIZATION 

The Chilean Experiment 

Sebastian Edwards and Alejandra C. Edwards 


An in-depth examination of the Pinochet government's 
experiment in free-market policies from promising 
beginnings in 1973 to ultimate failure in 1982, 
Monetarism and Liberalization looks at what went 
wrong in Chile. Why did liberalization and stabilization 
programs initially succeed in dramatically reducing 
inflation and raising real output only to collapse nine 
years later? This analysis illuminates some of the more 
puzzling aspects of the Chilean experiment and extracts 
vital lessons that will be helpful to economists and 
policymakers, 

1987 0-88730-105-3 


$26.95, cloth 240 pages 


THE ECONOMICS OF 
TELECOMMUNICATIONS 
Theory and Policy 

John T. Wenders 


With the breakup of AT&T and the onset of “telephone 
wars” between AT&T and companies like MCI and 
Sprint, telephone service as we knew it changed for good. 
In The Economics of Telecommunications, John 
Wenders, a consultant to AT&T before its divestiture, 
explains the economic and political forces behind the 
breakup and looks at the future of the telecommunications 
industry. He develops a framework for understanding 
the economic basis for regulation of the industry and 
then argues that deregulation will be beneficial. Wenders 
calls for rapid changes in the industry, including the 
raising of local calling charges, the lowering of toll calling 
rates, and the implementation of local measured service. 
1987 = 0-88730-119-3 $34.95, cloth 296 pages 


~---------------BAT LINGER 


YES! Please send me: 
— American Society @ $24.95 (6610919} 


— Technology and Economic Policy @ $29.95 (6610331) 
____Monetarism and Liberalization @ $26.95 (6610729) 
— Economics of Telecommunications @ $34.95 (6610844) 
D Bill me 


O Payment enclosed 
Charge my O MC OVISA O AMX 


Card no. 
Signature 
Send to: 


Zna 


Exp. date_____ 


Harper @ Row 


Order Department 
2350 Virginia Avenue, Hagerstown, MD 21740 


(800) 638-3030 


My state sales tax $ 
Postage/handling {$1.50/bk]" $. 

*Prepaid orders are postage free! 
TOTAL $ 


Prices subject to change All orders subject to credit approval. 
U.S. funds only, If you order by phone, tell the operator your order 


code is AAER1286 


Please mention Tue American Economic Review When Writing to Advertisers 


xv 


THE ECONOMICS INSTITUTE 


Gateway to Successful 
Master’s and Doctoral Degree Studies 
in Economics, Agricultural Economics, Business and Administration 


for STUDENTS FROM ABROAD 


Since its establishment in 1958 under the sponsorship of the American Economic 
Association, the Institute has provided specialized preparatory training and orien- 
tation to over 6,000 students from over 120 countries en route to over 320 universities 
in the United States and other English-speaking countries. 


PROGRAM FEATURES 
Five to forty-five week individualized programs. 


Intensive and comprehensive review or supplementary ieoaiiy training in: 
English, Computer Usage, Economic Theory, Mathematics, 
Statistics, Accounting, Management, Finance and Marketing. 
Equivalent courses and advisory reports facilitate integration with subsequent 

university programs. 

Standardized test preparation (TOEFL, GRE, GMAT). 

Orientation to U.S. campus and community life. 

University placement assistance services. 

Certificate and Diploma Programs for short-term professional trainees. 


END RESULTS for 


Associated universities: Improved admissions procedures and a source of 
additional high-quality foreign students. 


Foreign students: Greater accessibility to U.S. universities. 
Sponsoring organizations: Reduced total costs. 


And for all three: Better grade performance records in degree programs and 
more rapid completion of degree requirements. 


ORGANIZATION 


AEA Policy and Advisory Board 

Edwin S. Mills, Princeton University, Chairman 
Lance E. Davis, California Institute of Technology 
W. Lee Hansen, University of Wisconsin, Madison 
Joseph Havlicek, Ohio State University 

Teh-wei Hu, Pennsylvania State University 
Samuel A. Morley, Vanderbilt University 

Dwight H. Perkins, Harvard University 

Stefan H. Robock, Columbia University 


Director 
Wyn F. Owen, University of Colorado 


The Economics Institute, 1030 13th Street, Boulder, Colorado, 80302, USA; 
Telephone: (303) 492-3000; Telex: 450385 ECONINST BDR 









NEW FROM PENNSYLVANIA 


Economic Development 
Within the 

Philadelphia 
Metropolitan 


A ANITA A. SUMMERS and 
rea THOMAS F. LUCE 
The 1986 report on Economic Development Within the Philadelphia 
Metropolitan Area focuses on economic relationships within the eight 
counties in the Philadelphia Primary Metropolitan Statistical Area 
(PMSA). It complements the 1985 report on the region as a whole. 
Following an update of 
last year’s report, which Each county’s industrial strengths are 
documents recent improve- identified. Special attention is given to the 
_ments in the regional spread and growth of employment in high- 
economy, the 1986 report technology industries, the interdependencies 
analyzes the decentralized between jobs and residents in the city and 
metropolitan map. Long- suburbs, and the role of federal and state aid to 
term economic develop- the region. 
ments, changes in socio- The 1986 report on Economic Development 
economic profiles between Within the Philadelphia Metropolitan, Area is of 
1960 and 1980, and patterns value to scholars; government, business, and 
of employment are labor leaders; local civic organizations; and the 
examined on a county-by- news media. 


county basis. 180 pages. Tables, 
graphs, statistical 
appendices, CIP. 
Available in 
December 1986. 
Paper, ISBN 0-8122- 
1231-2, $12.95. 




































Economic Report on the Philadelphia Metropolitan Area: 1985 
Anita A. Summers and Thomas Luce 
The first report accomplishes three objectives. It assembles data relevant to the 
analysis of the region’s potential for economic growth, provides a detailed analysis 
_ of the dynamic patterns of the area’s industry, and develops a list of options for 
responding to these patterns. 
144 pages. Paper, ISBN 0-8122-1212-6, $9.95 


uhi UNIVERSITY OF PENNSYLVANIA PRESS 
Blockley Hall / 418 Service Drive / Philadelphia, PA 19104-6097 
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“In terms of style, tone, and execu- 
tion, it is flawless ... it is an original, 
and indeed a very creative work. The 
book is concisely written, and war- 
rants a close reading. But it is also 
well-written. ... The Economics of 
Time and Ignorance has all the 
makings of a classic. ...[T]hts ts the 
sort of book that every economist 
should read. No matter what one’s 
prior beliefs about economics are, 

this book will provoke thought.” 

— Bruce J. Caldwell, 


Southern Economic Journal* 


“The authors’ discussions . . . ee 
all hit home. ... Perhaps now j . 
the Austrians will be allowed to i GERALD P O'DRISCOLL R 
help renovate economics.” & MARIO J RIZZ0 
— Times Literary Supplement 


This book is the first contemporary account of the foundations of Austrian sub- 
jectivist economics. O’Driscoll and Rizzo, two of the school’s leading modern-day 
exponents, present an integrated view of its themes, making an original contribu- 
tion to our understanding of uncertainty and dynamic processes. In so doing, they 
reinstate individual choice to its rightful place at the center of the economic system. 


$14.95 paper 261 pp. 0-631-15484-1 
[34.95 cloth 0-631-13343-7] 


Toll-free Ordering: 1-800-638-3030 


# Basil Blackwell 


432 Park Avenue South + Suite 1503 + New York, NY 10016 
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BENEFIT 
FROM THE 
PERIENC 


RICHARD McKENZIE 


“MICROECONOMICS Clemson University 


ECONOMICS 
Complete Hardcover Edition: 847 pages - 


MACROECONOMICS: paper * 477 pages 
MICROECONOMICS: paper ° 569 pages 


Study Guide ° Instructor’s Manual 
Test Bank • Computerized Test Bank 
GPA: Grade Performance Analyzer 

- | Transparencies * Computer Graphics 
: —— Package * 1986 


Combining experience in national 
policy-making and in teaching, Richard 
McKenzie offers a textbook that pre- 
sents economic principles in terms 
everyone can understand. 






























\ "Efonowcs 









For adoption consideration, request 
an examination package from your 
regional Houghton Mifflin office. 


a, 
Houghton Mifflin Company 


13400 Midway Rd., Dallas, TX 75244-5165 
1900 S. Batavia Ave., Geneva, IL 60134 

989 Lenox Dr., Lawrenceville, NJ 08648 
777 California Ave., Palo Alto, CA 94304 
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JoB Openines For Economists 


Available only to AEA members and institutions that agree to list their openings. 
Annual Subscription Rates 
U.S.A., Canada, and Mexico (first class): $15.00, regular AEA members and institutions 
A À $. 7.50, junior members of AEA 
All other countries (air mail): $22.50, regular AEA members and institutions 
- $15.00, junior members of AEA 


Please begin my issues with: l 
g February - C April O June C August [ October C] December 


Name 
Address 


First Middle Last 





City 






State/Country Zip/PostalCode 










Check one: 


C] l'am a member of the American Economic Association. 

C] | would like to‘become a member. My: application and payment are enclosed. 
, O (Fer institutions) We agree to list our vacancies in JOE. 
~ Send payment (U.S. currency only) to: 


-THE AMERICAN ECONOMIC ASSOCIATION 
i 1313 21st Avenue South 
Nashville, Tennessee 37212 


NOW AVAILABLE... 
CAN-AM STATISTICAL PACKAGE II 


CAN-AM STATISTICAL PACKAGE II features: 


@ Descriptive Statistics — 

Mean, variance & stand deviation 

Linear regression & correlation 

Analysis of variance 

Spearman's rank correlation 

Mann-Whitney U test 
@ Time Series — Moving average; exponential smoothing 
@ Matrix Operation — Matrix multiplication & inversion , 
@ Regression Analysis — Ordinary least squares (OLS) 

Polynomial distributed lag (PDL) 


Two-stage least squares (TSLS) 


Cochrane-Orcutt estimation feature in OLS, PDL and TSLS 

More than, usual summary statistics including autocorrelation coeff., D.W., log of likelihood, corr 
matrix, var-cov matrix for estimated coeff., etc. 

Prediction with confidence intervals in OLS 

Handles large numbers of variables & observations; variable transformation 

Prices in U.S. dollars: $99.90 for IBM (PC, XT, jr); $79.90 for Apple (H+, Me, lic); $59.90 for 
Commodore (64, 128); and $12.00 for demo disk (non-refundable but to be subtracted from the 
purchase price) 

To order: send cheque, money order or credit card number with expiry date (Visa or MasterCard 


CAN-AM FINANCIAL CONSULTING 


177 Caddy Ave., Sault St. Marie, Ont. P6A 6H7 CANADA 
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Graw-Hill B pa 
Oh ` College Division j 
Hi g 1221 Avenue of the Americas 
New. York, New York 10020 


Please mention Tue AmERICAN Economic Review When Writing to Advertisers 


xxi 





New and Noteworthy 


U.S. Trade Policies in a Changing 


World Economy 

edited by Robert H. Stern 

“A timely volume by leading experts as the U.S. is abandoning its 

commitment to the postwar multilateral trading system and U.S. 

trade policy is drifting away from the principle of non-discrimi- 

a ale de Melo, Senior Economist, The World Bank 
25.00 


Superfairness 
Applications and Theory 
William J. Baumol 

. "William Baumol’s work gives economists a theory of equity that 
can be applied with the rigor, and taught with the clarity, of Pare- 
tian efficiency theory. Everyone who teaches or uses welfare 
economics will benefit from reading this book.” —Duncan K. 
Foley, Professor of Economics, Barnard College of Columbia 
University 
$20.00 


Microtheory 

Applications and Origins 

William J. Baumol 

These essays provide an engaging intellectual history of one of 


the leading figures in the field of economics. 
$35.00 


Dollars, Debts, and Deficits 


Rudiger Dornbusch 

“Professor Dornbusch provides a clear, fascinating, timely and 
provocative analysis of the key political issues faced by econo- 
mists and policy makers concerned with the worid economy.’ 
—Jacob A. Frenkel, David Rockefeller Professor of International 
Economics, University of Chicago 

$20.00 


- Perspectives on Safe and Sound Banking 
Past, Present, and Future 
George J. Benston, Robert A. Eisenbeis, Paul M. 
Horvitz, Edward J. Kane, and George G. Kaufman 
Copublished with the American’ Banking Association. 





The MIT Press 


28 Carleton Street, Cambridge, MA 02142 
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Who’s Who in Economics 


A Biographical Dictionary of Major Economists 1700-1984 


Second Edition edited by Mark Blaug 

"A volume of real usefulness . . . exceedingly useful in our day to 
day work.” — History of Political Economy. 

This new edition includes 337 more entries, bringing the total to 
over 1,400 expanded sketches of prominent economists of the 
past three centuries. 

$95.00 


The MIT Dictionary of Modern Economics 


Third Edition edited by David W Pearce 

The MIT Dictionary of Modern Economics provides an authorita- 
tive reference guide to economic terminology and nomenclature. 
This new edition adds 150 definitions and revises many others, 
with a total of more than 2,650 entries. 

$12.50 paperback (Cloth, $35.00) 


Japanese Financial Markets 

Deficits, Dilemmas, and Deregulation 

Robert Alan Feldman 

“Dr. Feldman’s new book describes the essential features of 
Japan's financial innovation, deregulation and reform with inter- 
national perspective on the basis of penetrating analysis of their 
causes and consequences.’— Yoshio Suzuki, The Bank of Japan 
$27.50 


The Invisible Link 

Japan's Sogo Shosha and the Organization of Trade 

M. Y. Yoshino and Thomas B. Lifson 

“This book puts the sogo shosha under the microscope. It exam- 
ines the specifics of how they coordinate trade and the flow of 
goods through the production process and how management 
keeps these far-flung enterprises working together despite inter- 
nal conflicts of interest. Along the way, it offers perhaps the best 
description available of the internal dynamics of a Japanese 
office” — Business Week 

$19.95 


Now in paperback 
The Age of Interdependence 


Economic Policy in a Shrinking World 

Michael Stewart 

“Not only economists should be interested in this well-conceived 
(and well-written) book which grapples with two basic weak- 
nesses of conventional macroeconomic policy, Keynesian or 
monetarist.’— Foreign Affairs 

$7.95 paper 


Order today, Mastercard and Visa accepted — (617) 253-2884. 
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INSTITUTE FOR 
INTERNATIONAL 
ECONOMICS 


SYSTEM UNDER STRESS: 
THE POLITICS OF UNITED STATES TRADE POLICY 
LM. Bastler 


Describes the postwar American system for combating 
protectionist pressures and how this system has eroded 
over the past 15 years, compounded by pressures from 
the unprecedented US trade deficit of the 1980s. 
Concludes with proposals aimed at restoring the nation's 
Capacity to pursue rational trade policies. Published 
jointly with The Twentieth Century Fund. 

November 1986/384 pp./ISBN 0-88132-058-7/ 
$30.00 cloth/057-9/$ 18.00 paper 


THE FUTURE OF WORLD TRADE IN TEXTILES New 
William R. Cline 


Analyzes the economics of the textile industry and the 
impact of macroeconomic forces on it, examines the 
costs and benefits of existing and proposed controls for 
different countries and groups, and makes proposals for 
the future conduct of trade in textiles and apparel. 
POLICY ANALYSES IN INTERNATIONAL ECONOMICS Series 
December 1986/c. 180 pp./ 

ISBN 0-88132-025-0/$ 10.00 paper 


THE UNITED STATES—JAPAN ECONOMIC PROBLEM 
C. Fred Bergsten and William R. Cline 


“Absolutely first-rate, convincing and cogent. . . . A truly 
remarkable and important study.” —- Peter F. Drucker 
“{it] provides a sound list of policy suggestions as well 

as a lucid, and thus educational, analysis of the current 
situation.” — Gary N. Horlick, World Economy 

POLICY ANALYSES IN INTERNATIONAL ECONOMICS 13 
1985/174 pp./ISBN 0-88132-039-0/$ 10.00 paper 


TRADE PROTECTION IN THE UNITED STATES: 
31 CASE STUDIES 

Gary Clyde Hufbauer, Diane T. Berliner, 

and Kimberly Ann Elilott 


Case studies of 31 major US industries that have 
received some form of special protection. Each case 
contains a brief summary of relief action, estimates of 
the costs to consumers, the gains to producers and 
foreigners, and the overall efficiency and welfare losses 
to the US economy. 

March 1986/371 pp./ 

ISBN 0-88132-040-4/$25.00 paper 


New 


To order, or for complete catalog, write Dept. AR: 
Institute for International Economics, 
11 Dupont Circle, NW, Washington, DC 20036 


New and 
Recent Books 


11 Dupont Circle, NW, 
Washington, DC 20036 (202) 328-9000 ~ 


UNITED STATES-CANADIAN | New 
INTERDEPENDENCE: THE QUEST FOR FREER TRADE 
Paul Wonnacott 


Analyzes the potential impact of new trade arrangements 
between the United States and Canada and the difficult 
problems that must be addressed in coming negotiations— 
including quite different perceptions as to what consti- 
tutes fair trade. 

POLICY ANALYSES IN INTERNATIONAL ECONOMICS Series 
December 1986/c. 100 pp./ 

ISBN 0~88132-056-—0/$ 10.00 paper 


AGRICULTURE AND THE GATT: 
ISSUES IN A NEW TRADE ROUND 
Dale E. Hathaway 


Analyzes the nature and extent of the farm trade 
problem, identifies the fundamental issues that must be 
addressed, and examines the interests of the major 
parties involved. Concludes with a series of practical 
policy recommendations for developing a better regime 
for agricultural trade. 

POLICY ANALYSES IN INTERNATIONAL ECONOMICS Series 
December 1986/c. 120 pp./ 

ISBN 0~-88132-052-8/$ 10.00 paper 


TOWARD RENEWED ECONOMIC GROWTH 

IN LATIN AMERICA 

Bela Balassa, Gerardo M. Bueno, 

Pedro-Pablo Kuczynski, and Mario Henrique Simonsen 


Proposes a comprehensive strategy for Latin America 
which could foster self-sustaining growth and simul- 
taneously permit continued servicing of the external debt. 
Specific recommendations are made for policy changes 
to facilitate the needed reforms. Sponsored jointly by the 
Institute, El Colegio de Mexico, and the Getúlio Vargas 
Foundation of Brazil. . 

September 1986/207 pp./ 

ISBN 0-88132~045-5/$ 15.00 paper 


DEFICITS AND THE DOLLAR: 
THE WORLD ECONOMY AT RISK 
Stephen Marris 


“A first class scholarly study which is stimulating and 
elegantly written.” 

— Alan A Tait, Journal of Public Policy 
“Stands out for the thorough and sophisticated way it 
links the domestic features of major national economies 
with the international disequilibrium they have produced,” 

— William Diebold, Jr, Foreign Affairs 
POLICY ANALYSES IN INTERNATIONAL ECONOMICS 14 
1985/381 pp./ISBN 0-88132-030-7/$ 15.00 paper 


New 





Please mention Tue American Economic Review When Writing to Advertisers 


xxiv 


ESSAY COMPETITION IN TRANSPORT 
FOR YOUNG RESEARCHERS 


The Trustees of the REES JEFFREYS ROAD FUND, through the 
JOURNAL OF TRANSPORT ECONOMICS AND POLICY 
are offering a prize of £500 for an essay in transport. 


The subject must be within the Journal’s field of interest. The 
essay must report research which has not been published, or~ 
offered for publication, elsewhere. 


Entrants must be under 30 years of age on the closing date for 
entries, which is 30 September 1987. 
Interested researchers should obtain further details from: 
The Secretary, 
Journal of Transport Economics and Policy, 
University of Bath, 
Claverton Down; 
Bath BA2 7AY, 
U. K. 





Now more powerful than ever.. MicroTSP™ 5.0 


Now available in enhanced version 5.0, this soft- 
ware package for regression, forecasting, and time 
series analysis—loaded with exciting new 
features-~gives you all the power you need to ana- 
lyze time series data and work cross-section prob- 
lems in any field. 





... High performance software 
for statistics and forecasting 


Microl'SP machine specifications: 

Version 5/0: IBM/PC, XT, AT, and compati- 

bles, 384K RAM, 2 disk drives. 

NEW FEATURES: 

¢ Expanded memory capacity—up to 32,000 
data points 

© New techniques: Nonlinear least squares, 

Well-written documentation. probit, logit 

320 page User's Manual by Robert Hall, Stanford ga. aaa caia © Improved hard disk support—no key disk 

Univ. Included with each package: sample data required 

and case studies, regular and 80(2)87 program e Hercules graphics support 

disks. 


For financial analysis...sales forecasting... cost 
analysis and forecasting...or any other type of / 
time series forecasting or modeling...MicrofSP ; 
more than meets your professional needs. 


Boa Esavon 





Order now by filling out and mailing the coupon below M Quontitative 
or call TOLL-FREE 1-800-782-3737 (in New York 212-512-2345) OM Micro Software 


Clip and mail to: Wiji E.T. Matthews—26th FI. O My check (including local sales tax) is enclosed. 
ord McGRAW-HILL BOOK COMPANY Charge my (VISA DIMASTERCARD Exp. Date. 
Hi if 1221 Avenue of the Americas 
New York, NY 10124 Card # 


I want to order MicroTSP. Please send me: Price Signature. 
O Information on trade-up policy for IBM/PC 

O IBM/PC (5.0) Demo Package 0-07-852207-2 $ 30.00 
O IBM/PC (5.0) 0-07-852205-6 $595.00 Address, 


IBM/PC, XT, and AT are registered trademarks of International Business Machines. City. State. Zip. 
MicroISP is a registered trademark of Quaniitative Micro Software. 


PRICES AND TERMS VARY OUTSIDE U.S.--FOR THIS Payment must accompany order, Check payment to McGraw-Hill Book Co. (Include local 
INFORMATION WRITE B. MUTINSKY AT ADDRESS ABOVE. soles tan): Dike dre not returnable. TSP-8 








Name, 
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American Economic Association 


Summer Minority Program 


at Temple University 


June 3, 1987—July 29, 1987 


A New Economics Program with 
Exciting Features 


An Attractive Stipend — plus Books, 
Room, Board, Tuition and Travel are 
Available to Qualified Students. 


For More Information Contact: 


THE HARRY A. COCHRAN RESEARCH CENTER 
ROOM 111 

SPEAKMAN HALL 

TEMPLE UNIVERSITY 

PHILADELPHIA, PA 19122 


(215-787-6750) 
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SCHOLARLY INVESTMENTS 


Tracing New Orbits 

Cooperation and Competition in Global 
Satellite Development 

Edited by Donna A. Demac 

The first comprehensive overview of emerging 
international satellite activity and the issues raised 
by it. A broad range of experts discuss regulation, 
bilateral cooperation and competition, shared 
resources, and the potential to promote peace. 
Columbia Studies in Business, Government, and Society 
Eli M. Noam, General Editor 

320 pp., $35.00 


The Changing Structure of 
American Banking 

Peter S. Rose 

A timely and thorough study of bank structures and 
_ competition, financial services, and the effects of 
deregulation. 

Columbia Studies in Business, Government, and Society 
392 pp., $40.00 


Neorealism and Its Critics 

Edited by Robert O. Keohane 

“An excellent guide through the thicket of 
controversies on some of the central questions of 
international politics....some of the best discussions 
of Neorealism, its utility, its limits, and its defects.” 
—Robert Jervis 

The Political Economy of Intemational Change 

John Gerard Ruggie, General Editor 

256 pp., $13.00 pa, $45.00 cl 


The New Order of the Oceans 


The Advent of a Managed Environment 
Edited by Giulio Pontecorvo 

Foreword by Elliot L. Richardson 

These articles place recent developments in ocean 
policy within the context of economic development 
and international relations. 

240 pp., $32.50 


Africa in Economic Crisis 

Edited by John Ravenhill 

“A thorough, sober, and balanced analysis. It 
contains critical essays on the roots, manifestations, 
and competing solutions offered to remedy Africa’s 
current economic stagnation.”—-Naomi Chazan 
320 pp., $13.00 pa, $35.00 cl 





G Columbia University Press 


136 South Broadway, Irvington, NY 10533 





Workers on the Edge 

Work, Leisure, and Politics in Industrializing 
Cincinnati, 1788-1890 

Steven J. Ross 

“This excellent book merits special attention.... 
Ross offers a beautifully researched, ironic account of 
local unionism, electoral politics, and wor! 

leisure from the Age of Jackson onward.” 
—American Hi Review 

Columbia History of Urban Life Series 

Kenneth T. Jackson, General Editor 

432 pp., $35.00 


Political Facts of the United States 
Since 1789 

Erik W. Austin 

with the assistance of Jerome M. Clubb 

Brings together a wealth of statistics on American 
political history from the nation’s origins up through 
recent elections, including sections on wealth, 
revenue, taxation, and public expenditure. 

450 pp., $60.00 


Dossier Society 

Value Choices in the Design of 

National Information Systems 

Kenneth C. Laudon 

“A wonderfully penetrating, insightful, and well- 
written examination of one of the most troubling 
challenges now facing the American people.” 
—David Burnham, The New York Times 
Computing, Organizations, Policy, and Society (CORPS) 
Rob Kling and Kenneth L. Kraemer, General Editors 
480 pp., $45.00 


Now in paperback 


Town in the Ruhr 

A Social History of Bochum, 1860-1914 
David F. Crew 

“From now on even historians who have not the 
slightest interest in Bochum will need to reckon with 
this book.” —Joumal of European Economic History 
289 pp., $13.00 pa 


To order, send check or money order to Dept. JN at 
the address below, including $2.00 for postage and 
handling. 
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SPREADSHEET STATI STICAL/FORECASTING 
PRO GRAM y S TAT f for Your IBM Personal Computer 


WORKS LIKE LOTUS 1-2-3, WITH FEATURES LIKE SAS 























o ySTAT is the only full-fledged spreadsheet stati- OLS — DEPEMDERY YARIABLE: Conmuwpt 
stical program ~ a fast, powerful, easy-to-use RIGHT-HAND ESTIMATED, STANDARD T STATISTIC PROD. 
stand-alone program, VARIABLE COEFFICIENT ERROR 
1 Profits 0.19293438: 0.09121 Ta 2.1152 0.08! 
o Menu-driven format as in Lotus 1-2-3- offers 2 Poy ERTELE] | is Eo apa 8: 
. many functions that are not available even in 1- Constant ESENE 13 ni i wane Ey 
2-3, such a. vector formulas, lagged variables, SAMPLE suze EEE 23 (DFs17) 
ummy variables, and row-column transposition. SUM OF SQUARED RESTOUALS = TT .g7anuy 
VARIANCE {HSE} a 1.0537: 
o You can read, enter, edit, copy, move, and sort SEAN SIOE toby teed : 9.981308 
the data as well as group and partition the data PoSTARTS ETS R-SQUARED = age Forest (pan.on08) 
for analysis right on the spreadsheet. A total of Sum oF Résroual = 52300800 
40 function keys for one-keystroke operations. DURBIN-WATSON. STATISTIC = 1.30747% 
Source SUM SQ oF MEAN SQ 
o Ten statistical function keys: to tally sums and Due to Regression | aaam) 3) 313080 
means; subtract variable means or seasonal means; ae ee el g EE: 
standardize the data; aggregate seasonal data; PAE enn tere Eina ad MONO tbo) 
generate seasonal indicators; perform moving 
averages, linear trend forecasts, and so on. RESIDUAL ANALYSIS ~ Hean: 0.000 Adj, RHSE: 0.946 Hean Abs. $ Err: 1.283 
AUTOCORRELATIONS 
o Automatic recording feature for programming macro 
keys, which with ofe keystroke, Wilt replicate an rS TEVA a aaan csse aaan Ma 
en ine Sequence of analyses. You can save macros 32358 a] B ; 
‘or ure uses. -0:137 10:69 | KEKE 
5 -0.411 =t.) [REL EEE EE EE ERK 
o ySTaT reads Lotus’ {iles and any free-format or Ljung-Box statistic [chi-square 8 DF)? 8.698 (ped.isa?) O TTT ub 
xed-format textfile generated by other PC pro- PARTIAL AUTOCOBRELATION 
grams or mainframe. he data can be numeric, 
alphabetic, including missing values. MG Cor "ety | ERRORS Wee SETS SEES Bt | 
be 2 -0.09' -Da LECL 2 
o Wo disk swapping: ySTAT is compactly written in C 9.008 -0.0 
- the entire program resides on one disk. ara kSj EERE m a 
AARAA AAAA], EPOE ERE EE EEA 
o Descriptiva statistics, frequency distribution 
correlation, crosstabs, analysis of variance. ` ACTUAL versus PITTED VALUES ang RESIDUALS 
SEQ Actual Fitted mins’1,900 71.873emax Error 
o Multiple regression (OLS), standardized regres- 1 41-99 u 22 [Benne ogay ee 
sion, weighted least squares, two-stage least Z RgO aba eit z1:582 | est 
squares, polynomial regression, and Cochrane- È 30.60 31-9 ê Iatan |S 
geut method, Including regression diagnostics. 4 zt 2. te 3. 8 BA 
see sample output at Gigh i ae 30:8 os 1338 iB 
o Pooling of time-series and cross-sectional data. 8 ae B gi E a “ 
p x 29: H 
o Two~-sample Difference of means test, nonpara- 8 3:50 Ha % -6:488 > 
metric tests (Kolmogorov-Smirnov test, Wald- 1s rt 3 ki e, 72:83 +H 
Wolfowitz runs test, Mann-Whitney test, Wilcoxon 1 24:10 BA “ ie) >>> 
matched-pairs signed-ranks test) and Spearmans's He 4:29 e “Grate | Sty 
and Kendall's rank-order correlations. 13 E ee ae ae By 
21 70 73.87 » e -2 : 
o Time-series models: autoregressive model, moving Te iP ee a te et Li deans ieee! 
average model, and Boz-Jenkins model. LIST OP OUTLIERS ~ STUDENTIZED RESIDUALS GREATER THAN 1.5 
o Honseasonal forecasts: linear trend, quadratic SEQ Actual Forecast Residual Std. Err Studentized Probability 
trend, polynomial model, sinusoidal model, and GOSS acces Seci: paaien, Eesinwace,) E SOUMO) T DERIT. = 
simple, double and triple exponential smoothings. a £2 Ri =1-986 ggi KET Q. 124 
o Seasonal forecasts: exponential smoothings with EEA N Aa ania statins AEE E eee ace 
seasonal indicators or trigonometric functions; 
Winter's additive and multiplicative procedures. Covariance-Vartance Matrix 
Profits Pat Welt Constant 
SYSTEM REQUIREMENTS: IBM PC, XT, AT, or compati- 
bles; a math co-processor is optional. Also 3 Profits gieo 0:0003 -0:0007 -0:0197 
available for Hewlett-Packard Portable Plus. onseeee Raol 8:0997 9go “acpeah 
PRICE: $395. Including one free update. (tote: this sasple output shows some of the options for regression diagnosis, } 





MING TELECOMPUTING INC. 


Telecommunications and Statistics for Microcomputers 
23 Oak Meadow Road, P.O. Box 101, Lincoln Center, MA 01773, U.S.A. (617) 259-0391 








Please send: ( ) ySTAT Package for $395. (Massachusetts residents: please add 5% sales tax.) 
{ ) ySTAT Trial Disk and information/sample output for $5. 
( ) ySTAT information/sample output. 





System: ( ) IBM PC.) ( ) IBM XT. ( ) IBM AT. ( ) other 
( ) with 8087 or 80287 math co-processor. Memory _. K 
Payment: { ) a check is enclosed. 


( ) Visa. ( ) MasterCard. Credit Card P.. —— eene a Expiration Date: _/ 
( ) a university or governmental agency purchase order enclosed. 


Name Signature (if charged) 








Address 





Telephone: ( 


De E 





IBM +9 a registered trademark of International Gusinese Machines Corp., 1-2-3 of Lotus, SAS of SAS Instituta 
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Volumes in 
ECONOMIC THEORY, ECONOMETRICS, 


AND MATHEMATICAL ECONOMICS 
Edited by Karl Shell 


FORECASTING ECONOMIC TIME SERIES, Second Edition 


CW.J. Granger and Paul Newbold 
The very popular and widely-cited first edition of this book has now been updated to 
reflect the many recent developments in time series analysis and forecasting theory 
and practice, particularly as applied to economics. The major changes in this second 
edition are in the theory and application of multiple-series modeling procedures. The 
chapter on multiple-series modeling has been expanded to two chapters, and the final 
chapter provides a survey of recent and advanced topics that are currently of interest. 
October 1986, 368 pp. $24.95 Papérback/ISBN: 0-12-295184-0 

$49.50 Casebound/ISBN: 0-12-295183-2 


MACROECONOMICS: 
AN INTRODUCTION TO THE 
NON-WALRASIAN APPROACH 


Jean-Pascal Benassy 
This book gives a clear exposition of non-Walrasian microeconomic foundations and 
then applies them to a large array of traditional macroeconomic topics by constructing 


simple, workable, and policy-oriented macroeconomic models. Applications include 
involuntary unemployment, inflation, expectations, cycles, and international economics. 
June 1986, 272 pp. $26.95 Paperback/ISBN: 0-12-086426-6 

$49.50 Casebound/ISBN: 0-12-086425-8 


FORTHCOMING: 


HOUSEHOLD AND ECONOMY: 
WELFARE ECONOMICS OF ENDOGENOUS FERTILITY 
Marc Nerlove, Assaf Razin, and Efraim Sadka 


This book integrates the theory of population into the main body of welfare eco- 
nomics. It is concerned with the normative implications of the so-called “new home 
economics” — the economics of family decisions about numbers of children, invest- 
ments in their upbringing, labor force participation, and household production. 
December 1986, 168 pp. $29.95 tentative. Casebound/ISBN: 0-12-515752-5 


NONLINEAR ECONOMIC DYNAMICS 
Edited by Jean-Michel Grandmont 


The proceedings of a conference held in June 1985. Reprinted from the October 1986 
issue of the Journal of Economic Theory. 
December 1986, 165 pp. $19.95 tentative. 


ACADEMIC PRESS 


Harcourt Brace Jovanovich, Publishers 
Orlando, FL 32887-0017 
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New From Cambridge... 


The Economics of Imperfect Competition 
Melvin L. Greenhut, Chao-Shun Hung, George Norman 


This book takes a new “spatial” approach to traditional price theory and to the analysis of imperfect 
competition. It has been increasingly recognized that the perfectly competitive paradigm is inap- 
propriate to the explanation of many “real life” markets characterized by a significant separation 
between producers and consumers. The spatial perspective implies a natural separation of markets, 
but is a useful analogy for non-spatial issues. The analysis and results are shown to have significant 
policy implications. ; 

Cloth about $37.50, Paperback about $16.95 


Growth, Accumulation, and Unproductive Activity 
An Analysis of Post-war U.S. Economy 
Edward N. Wolff 


This book documents the shift toward unproductive activity since World War II and its relation to 
the economic surplus, capital accumulation, and economic growth. The shift, which results in a 
reduction in new capital formation, in productivity growth, and in an erosion in the rate of growth 
in per capita living standards, is seen to be rooted in the logic of advanced capitalism. 

About $37.50 


Foreign Aid, War, and Economic Development 
South Vietnam, 1955-1975 
Douglas C. Dacy 


Professor Dacy traces the economic history of South Vietnam from 1955 to 1975. He analyzes 
the impact of foreign and economic aid to the country, focusing on national income, as well as on 
a number of development indicators. He discusses the goals of United States economic aid, and 
measures the net resources transferred. 

$39.50 


Multinational Enterprise in Historical Perspective 
Editors: Alice Teichova, Maurice Levy Leboyer, Helga Nussbaum 


Based on extensive empirical research, this book provides an important overview of the origins 
and expansion, as well as the concept of, the “multinational” enterprise. Topics addressed include 
growth — both industrial and financial, market linkages with cartels, the relationship to govern- 
ment, and the international hierarchical and sexual division of labor. The work concludes by 
placing the multinational in historical perspective. 

$49.50 


Statistical Foundations of Econometric Modelling 

Aris Spanos 

This book provides an introduction to microeconomics by presenting its statistical foundations: 
probability theory and statistical inference. By emphasizing the underlying concepts, Professor 
Spanos promotes both a formal grounding and an intuitive understanding of these areas so essen- 


tial to a proper understanding of economic theory. 
$34.50 
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The Standard of Living 

Tanner Lectures, Clare Hall, Cambridge 1985 
Amartya Sen 

Geoffrey Hawthorn, Editor 


Amartya Sen argues that “the standard of living” has been poorly understood and defined. It is not 
just a function of opulence, and cannot be seen as utility, but rather as the “capabilities” offered in 
states of affairs. In reply, Bernard Williams, Ravi Kanbur, John Muellbauer, and Keith Hart each ex- 
plore the concepts and implications of Sen’s theory. Sen concludes with replies to these comments. 
About $24.95 


Selected Essays on Economic Planning 
Michal Kalecki 
Jan Toporowski, Editor and Translator 


This work brings together the series of papers Kalecki wrote between 1940 and the 1960s on eco- 
nomic planning. They contain the germ of his theory of growth in a socialist society, as well as a 
startlingly original analysis of economic planning. 

In his introduction, Jan Toporowski argues that Kalecki’s work on growth is incomplete without 
the analysis presented in these papers, and has consequently often been misrepresented. 
About $39.50 


Essays on Economic Decisions Under Uncertainty 
J. Dréze 


This work contains selections of the author's contribution to the economic theory of decision 
under uncertainty, including an important new essay on “Decision theory under moral hazard and 
state-dependent preferences” Subsequent chapters treat decisions by consumer, producer, worker, 
and non-profit organizations. 

About $39.50 


Money, Wealth and Expenditure 

Integrated Modelling of Consumption and Portfolio Behaviour 

Dorian Owen 

This book develops and applies a modelling framework, drawn from the Yale approach to financial 


model building, designed to analyze consumers’ expenditure and portfolio behavior. 
$34.50 


Unemployment, Search and Labour Supply 
Editors: Richard Blundell and Ian Walker 


This book brings together the recent work of the foremost researchers in the field of labor eco- 
nomics. It analyses the labor market behavior of agents, particularly with regard to unemployment, 
job search, and labor market supply, and considers the impact of changes in economic and demo- 
graphic factors. : : š 

$44.50 


At your bookstore or call our Customer Service at 1-800-431-1580. 
In NY and Canada 914-235-0300. MasterCard and Visa accepted. 


Cambridge University Press 


32 East 57th Street, NY, NY 10022 
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AMERICAN ECONOMIC ASSOCIATION 
1987 ANNUAL MEMBERSHIP RATES 


Membership includes: 


—a subscription to both The American Economic Review (quarterly) plus Papers and Pro- 
ceedings and the Journal of Economic Literature (quarterly). 


@ Regular members with annual in- . Student status must be certified by 
comes of $30,000 or less i your. major professor or school 


fs registrar 
@ Regular members with annual in- 


comes above $30,000 but no more In Countries other than the U.S.A., 
than $40,000 20 f Add $12.00 to cover postage. 


© Regular members with annual in- Family members (persons living at 

comes above $40,000 ; the same address as a regular mem: 

ber, additional memberships without 

@ Junior members (available to regis- subscription to the publications of 
tered students ‘for three years only). ` the Association) i 


Please begin my issues with: 
O March June ` EO September © December 


(includes Papers i 
and Proceedings) 


First Name and Initial ‘ "Last Name 


Address Line 1 i a MAJOR FIELDS (TWO ONLY) 


HST FIELDS WITH WHICH 
U CURRENTLY IDENTIFY. 
‘ SELECT FIELD CODE FROM JEL, 
Address Line 2 eno System 


a ee 


State or Country Zip/Postal Code 


Please type or print information above. Please pay with a check or money order payable 
in United States Dollars. Canadian and foreign payments must be in the form of a draft 
or check drawn on a United States bank payable in United States Dollars. Please note: 
It is the policy of the Association, not to refund membership payments. 


Endorsed by (AEA member) 


Below for Junior Members Only o 


i certify that the person named above is enrolled as a student at 


Authorized Signature 
PLEASE SEND WITH PAYMENT TO: 


AMERICAN ECONOMIC ASSOCIATION. 
1313 21ST AVENUE SOUTH, SUITE 809 
NASHVILLE, TENNESSEE 37212-2786 
U.S.A. 
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REMINDER 
PREPAYMENT 
OF : 
1987 MEMBERSHIP DUES 
MAY LOWER YOUR 
U.S. PERSONAL INCOME TAXES 


PREPAYMENT OF 1987 DUES WILL BE 
ACCEPTED WITHOUT YOUR 
RENEWAL NOTICE. | 


Payment of 1987 annual membership dues in 1986 may be 
to your tax advantage because of the reform of the Tax Code. 
Your prepayment of 1987 dues will be accepted without 
your renewal notice. When paying, please include your 
account number, if known, and the address which is currently 
on file for you. You may include an address change 
if applicable. 


Please refer to the 1987 Annual Membership Rate schedule 
on the preceding page. 
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When the subject of economics 
comes up in a conversation... 


With the most extensive software package available... 


Economics, 3/e 

Ralph T. Byrns / Gerald W. Stone, Jr. 

Metropolitan State College and The University of Colorado at Denver 
Available Now. ©7987, 780 pages, hardbound. Also available in separate macrol/micro 
softbound editions. 

e New MACROSIM II and RAIDERS (computer simulations), each in student 
and instructor versions. Student version includes 120-page booklet that drills 
core text ideas leading into use of the simulation. 

The most “reader-friendly” writing style of any introductory text on the 
market. — 

Timely boxed examples throughout the text on such topics as liability 
insurance crisis, Congressional tax bill of 1986, the New Poor, changing rules in 
antitrust, and Mexican debt and capital flight. 

Early introduction of aggregate supply and aggregate demand (Ch. 6) for 
repeated use as a macro tool, plus solid treatment of Keynesian economics 
and business cycles. 

Unique micro section includes legal cases (with their economic underpinnings) 
at the end of many chapters. 


Modern Managerial Economics 
Martin T. Farris / Stephen K. Happel 
Arizona State University 


This text stresses neoclassical theory and strategic use of managerial decision 
making. Strong coverage of real-world pricing and managing uncertainty. 
Separate chapters on location decisions and nonprofit firms. Optional math and 
calculus sections. Available Now. ©7987, 590 pages, hardbound. 


Microeconomics and Public Policy 

William C. Apgar / H. James Brown 

Harvard University 

This unique text focuses on the economics of public policy and public sector 
decision making, as well as the core tools of neoclassical microeconomics. Two: 
chapters on cost-benefit analysis are included. Available Now. ©7987, 470 
pages, hardbound. 


Scott, Foresman Economics « Scott, Foresman Economics 
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So does 


cott, F oresman. 


American Economic History, 2/e 
Jonathan Hughes, Northwestern University 


This beautifully written best-seller offers a new chapter on the manufacturing 
industry and its evolution since World War II, as well as important new material 
on the postbellum Southern economy and the Great Depression. Available 
Now. ©7987, 632 pages, hardbound. 


Investment: Concepts, Analysis, 


and Strategy, 2/e 
Robert C. Radcliffe, University of Florida 


The most readable and analytic investments text offers worked-out problem sets, 
new portfolio theory chapters, and two unique new chapters on portfolio 
management. Available Now. ©7987, 760 pages, hardbound. 


Money, Financial Institutions, 


and Economic Activity 
Bruce R. Dalgaard, University of Minnesota, Twin Cities 


A unique industrial organization approach emphasizes the microeconomics of 
industry competition. Strong historical perspective on institutions and policy 
shows the evolving nature of the financial industry. Includes the latest 
information on financial futures, deregulation, and the microeconomics of 
interest rate determination. Available February. ©7987, 608 pages, hardbound. 


Options: Theory, Strategy, and Applications 
Peter Ritchken, Case Western Reserve University 

A comprehensive introduction to the management of portfolios using options in 
financial markets. Stock, index, debt, and foreign currency options are discussed, 


as well as forward and futures contracts and options on these instruments. 
Available Spring 1987. ©7987, 320 pages, softbound. 


Recently Published 


Intermediate Microeconomics: 


Theory and Applications, 2/e 
Heinz Kohler, Amherst College 


The most applied price theory text has been revised: new I.O. work, carefully 
wrought calculus footnotes/appendices, new layout, and three microcomputer 
(IBM) disks of challenging problem sets. ©7986, 608 pages, hardbound. 





Intermediate Macroeconomics 
Michael R. Darby, University of California, Los Angeles 
Michael T. Melvin, Arizona State University 


The only text to cover both new and traditional macro topics within the fully 
teachable length of less than 500 pages. Superb chapter on microfoundations; 
three chapters on dynamic adjustments between short and long run. ©7986, 
455 pages, hardbound. 


Scott, Foresman Economics « Scott, Foresman Economics 
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Take a close look at the new 
best-selling principles text... 


TN 
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Principles of Economics, 2/e 
Roy J. Ruffin / Paul Gregory 

University of Houston 

Available Now. ©7986, hardbound, with new Microcomputer Modules. Also available 
in separate macro/micro editions. 

è New, full chapter on interest rates 


e Aggregate supply/aggregate demand model reworked and integrated 
within text 


e Increased coverage of federal deficits, Volcker’s monetary policies, and 
Reagan’s new flat-tax plan 


e New agent/principle theme introduced throughout I.O. chapters, plus new 
I.O. theories 


e Nash equilibrium, moral hazard, and adverse selection problems 
e 100 new boxed examples 


Macroeconomics 

David Colander, Middlebury College 

This intermediate-level text approaches modern macroeconomics through its 
historical evolution: classical model, Keynesian model, and monetarist model, 


followed by New Classical and New Keynesian economics. Strong institutional 
and policy setting. ©7986, 545 pages, hardbound. 


Essentials of Economics 
Paul Gregory / Roy J. Ruffin 
University of Houston 

The first one-term text to build its macro models from the micro foundations 
presented earlier in the text. Modern industrial organization, economics of 
information, integrated aggregate supply/demand, expectations theory, and 
contracting are covered. ©7986, 448 pages, softbound. 








For further information write 
Meredith Hellestrae, Department SA—-AER 
1900 East Lake Avenue 
Glenview, Ilinois 60025 






Scott, Foresman and Company 


Scott, Foresman Economics « Scott, Foresman Economics 
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Leadership at the Fed 


Donald F, Kettl 


A colorful and fascinating history of one of 
Washington’s most powerful agencies and of 
the men who enabled it to grow into the 
national and international force it is today. 
Making use of previously untapped sources, 
Kettl provides a unique look at the leaders of 
the Federal Reserve Board, from Marriner 
Eccles and William McChesney Martin to 

G. William Miller and Paul Volcker. 


“A well-organized, well-written, and impor- 
tant contribution to the literature on Federal 


Reserve policy making.” — Ambassador Arthur 


F. Burns $22.50 


The First Resource 
Wild Species in the North American Economy 


Christine Prescott-Allen 
and Robert Prescott-Allen 


The first systematic analysis of the economic 
importance of wildlife to North America. 


“The authors have approached a neglected, 
usually ignored topic with a thoroughness of 
detail supported by an incredible wealth of 
statistical material. A masterly production.” 
—Richard Evans Schultes Illus. $65.00 


Sponsored by the World Wildlife Fund 


Common Decency 
Domestic Policies After Reagan 


Alvin L. Schorr 
with a chapter by James P. Comer 


An incisive critique of America’s social policies 
under the Reagan administration that offers 
clear, reasonable, and workable proposals for 
improving our policies in such areas as income 
distribution, housing, health, and education. 


“A masterful work of policy analysis. Schorr 
brings penetrating insights and humanistic 


sympathies to bear on the central issues in social 


welfare policy.” —Neil Gilbert $20.00 


ZN Yale University Press 
Dept. 363 
92A Yale Station 
New Haven, CT 06520 


In Whose Interest? 


International Banking and American Foreign 
Policy 


Benjamin J. Cohen 


In the first book to investigate the potential for 
conflict between the interests of American 
banks and the goals of American foreign policy, 
a distinguished economist presents innovative 
and hard-hitting policy recommendations for 
improving this relationship and offers practical 
suggestions for dealing with the most serious 
bank-related issues on Washington’s current 
foreign-policy agenda. 


“Cohen is . . . one of the few international econ- 
omists who is sufficiently sensitive to politics 
and the role of institutions to write a cogent, 
policy-related study on this subject. . . . 
Valuable.” —Robert O. Keohane 
$19.95 
A Council on Foreign Relations Book 


Biotechnology: The 
University-Industrial 
Complex 


Martin Kenney 


“A fascinating study of the ‘shattering of the 
ideology of pure science under the impact of 
economics. ” —Hilary D. Burton, Library 
Journal 


“Here is a dispassionate discussion of biotech- 
nology — its beginnings and where it may lead. 
Dr. Kenney’s analysis of the interrelations 
between corporate and university forces is 
thoughtful and comprehensive. The book... 
should provide the basis for the socioeconomic 
debate that will inevitably intensify with time.” 
—Liebe F. Cavalieri $23.95 - 


Journal of Law, 
Economics, and 
Organization 

Jerry Mashaw and Oliver Williamson, 
co-editors 


One-year subscription (two issues) $28.00 
institutions, $20.00 individuals. $14.00 per 
issue. 
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Uncompromising statistics 


Mainframe statistical packages are mostly used out of habit. 
Microcomputer statistical packages are used just because they are 
available. It’s time to pick a statistical environment because it 
suits your needs, whether it be on a micro or a mainframe. And 
it doesn’t have to cost a lot. 


Statistical Software Tools is an integrated, interactive 
environment for database management, data analysis, estimation 
and inference. Without compromises. Available now for MS- 
DOS, Unix and VAX/VMS computers. 


Enter data interactively or transfer files directly from other 
popular programs. Full data manipulation capabilities and a con- 
venient system file format. 


Tabulate data, Compute descriptive statistics. Regressions 
and regression diagnostics without hassle, Character plotting for 
all devices. Full graphics if you have a graphics card. 


Statistical procedures include ordered probit and logit, multi- 
nomial logit, maximum likelihood estimation for user-defined 
problems. Econometric estimation including simultaneous equa- 
tions, Tobit models and random utility models. 


Fully programmable. User defined functions and macros. 
Procedures including control loops. And much more. 


Powerful computing for those who know how to use it. Yet 
easy to use with a simple command language. All clearly and 
thoroughly explained in a User's Guide and Reference Manual. 


There is only one feature which is limited. The price. Only 
$100 for the IBM PC and compatibles. Requires 384K RAM. 
8087 numeric coprocessor recommended. Order from 
Dubin/Rivers Research, 1510 Ontario Avenue, Pasadena, Cali- 
fornia 91103. Or call (818)577-8361. 


Sst 


MS-DOS is a trademark of Micrasoft Corp. Unix is a trademark of AT&T Bell Laboratories, 
VAX is a trademark of Digital Equipment Corp. [BM PC is a trademark of International 
Business Machines Corp. : 


FEDERAL RESERVE BANK OF NEW YORK 


Positions available for economists with strong publication record in macro- 
economics, money, finance or international economics. Temporary and 
permanent appointments availabie. Salaries commensurate with experience 
and level of achievement. For more information contact: 


s 


Christine Cumming 

Recruiting Officer 

Federal Reserve Bank of New York, Rm. 922 
New York, New York 10045 

(212) 720-8258 
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sii MMM ioe 
OLR E IH 


Bigger doesnot always mean better. 


The first computers were so big they 
filled entire rooms, and had to be shut down 
periodically because of overheating. 

Things got better when things got 
smaller. And that’s something fo consider if 
youfe looking for a publisher. 

Now, we at South-Westem Publishing 
would never suggest you select a publisher 
solely based on size. We would, however, 
suggest you select a publisher based on 
quickness of reaction fo your needs, person- 
alized service, and flexibility. Because your 
book isnt like everyone else's. So it shouldnt be 
treated that way. 

So call us at (513) 527-6384. And 
remember that while some of the big, pro- 
digious publishers may look impressive, they 
might not respond to your needs the way we 
will. The important thing about a publishing 
til Sa is not how big it is, but how big it 
thinks. 


SOUTHWESTERN 


COLLEGE DIVISION 
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Economics 
for Professional 
Economists ... 


from Praeger. 


NOT SO FREE TO CHOOSE 
The Political Economy of Milton 
Friedman and Ronald Reagan 
Elton Rayack 

Here is a critical and carefully 
documented study of Friedman's 
writings. Claiming that the influential 
economist’s writings have exerted a 
powerful influence on the policies, 
ideology, and rhetoric of the Reagan 
administration, the author examines 
some 300 columns Friedman has 
written for Newsweek along with his 
best-selling books in order to 
determine the extent of his influence on 
the administration. 
176 pages $35.85 (tent.) December 1986 


AMERICA'S CHANGING ROLE 
IN THE WORLD SYSTEM 
edited by Terry Boswell and 
Albert Begesen 

This volume brings together 13 
experts in world-systems analysis to 
examine the long-term impact of 
America’s declining position in the world 
economy. 
272 pages $35.85 (tent.) December 1986 





TRADING TECHNOLOGY 
Europe and Japan in the Middle East 
Thomas L. ligen and T.J. Pempel 
Here is an in-depth study of high 
technology trade between four major 
industrialized countries — Britain, 
France, West Germany, and Japan — 
and the oil producing states of the 
Middle East. Along with an insightful 
analysis of the general economic 
interaction between the industrialized 
nations and the Middle East, the book 
offers a thought-provoking chapter on 
implications for U.S. policy. 
192 pages $35.85(tent.) December 1986 


THE CARIBBEAN EXODUS 
edited by Barry B. Levine 

A timely look at the complexities of 
the Caribbean migration, its impact on 
the region and on the U.S. 


cloth: 240 pages $32.85 (tent.) 
December 1986 

paper edition: $12.85 (tent.) December 
1986 


Praeger Publishers 


A Division of Greenwood Press, Inc. 
P.O. Box 5007 e 88 Post Road West « Westport, CT 0688] © 203-996-3571 


Please mention Tue AMERICAN Economic Review When Writing to Advertisers 


xl 









AMERICAN GREEN POWER 


by Alain Revel and Christophe Riboud 
translated by Edward W. Tanner 


“Overflowing silos on the one side, starving multitudes on the other: such is the 
mad situation revealed in AMERICAN GREEN Power, an essential work for 
the understanding of the next twenty years.” — L'EXPRESS 


Alain Revel and Christophe Riboud examine the world food balance and 
explore the sources and implications of U.S. “green power,” an agricultural 
strength that no other country can seriously challenge. 


$32.50 hardcover 
$14.95 paperback 


ECONOMIC VALUATION TECHNIQUES 
FOR THE ENVIRONMENT 
A Case Study Workbook 


edited by John A. Dixon and Maynard M. Hufschmidt 


The authors set forth a methodology for assessing and valuing the environmental 
effects of development projects in Environment, Natural Systems, and Development: 
An Economic Valuation Guide. Now they present detailed case studies demonstrating 
. applications of those techniques in a workbook designed to serve both as a 
companion volume and as an independent collection of instructive examples. 


$25.00 hardcover 
$8.95 paperback 


ECONOMIC APPRAISAL OF 
TRANSPORT PROJECTS 

A Manual with Case Studies 

REVISED AND EXPANDED EDITION 


by Hans A. Adler 


This classic textbook, now updated, provides a practical introduction to the 
objectives and methodology of the economic appraisal of transport projects in 
developing countries. Fifteen case studies — treating road, bridge, railway, pipe- 
line, port, and airport projects—exemplify the kinds of problems typically 
encountered and illustrate the concepts and techniques described. 


A Publication of the World Bank 


$27.50 hardcover THE 
$12.50 paperback JOHNS HOPKINS 
UNIVERSITY PRESS 


701 West 40th Street, Suite 275, Baltimore, Maryland 21211 
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Oxford 


World Economic Outlook 1986 

A survey by the staff of the INTERNATIONAL MONETARY FUND 

The World Economic Outlook is an important supplementary book for courses in international eco- 
nomics and trade. Packed with the latest statistical information and insightful discussions of the 
major issues affecting today’s economy, it supplies the data that will make theoretical courses in 
international economics real to students. 

1986 268 pp.; charts and graphs paper $11.00* 


Microeconomic Principles 

FRANK A. COWELL, The London School of Economics and Political Science 

This comprehensive textbook offers a thorough coverage of the basic principles that underlie stan- 
dard modern theoretical and applied economics. The book includes exercises with answers to help 


students understand and apply the analytic techniques presented. 
1986 360pp. cloth $24.9 


Input-Output Economics 

Second Edition 

WASSILY LEONTIEE, Former Director, Institute for Economic Analysis, New York University 

In 1973 Wassily Leontief was awarded the Nobel Prize for his model of input-output economics. This 
collection of papers—the only comprehensive introduction to the model he has written—is now 
pernehly revised to include thirteen new essays reflecting the development and present state of 

the field. 

1986 320 pp.; 30 line illus. paper $16.95* cloth $29.95 


Game Theory with Applications to Economics 

JAMES W. FRIEDMAN, Virginia Polytechnic Institute and State University 

Drawing on examples from current economic literature and politics, this is the first book on game 
theory at an introductory, but not elementary, level. The author covers those topics in game theory 
that are of great actual or potential use in economics, such as noncooperative games, two-person 


cooperative games, and cooperative games with and without side payments. 
1986 292 pp.; 41 figs. cloth $24.95 


Now available in paperback 


History of Economic Analysis 

The late JOSEPH SCHUMPETER 

A complete history of man’s theoretical efforts from the time of ancient Greece through the present 
to understand economic phenomena, History of Economic Analysis is an important contribution to the 


history of ideas as well as to economics. 
1986 1,288 pp. paper $19.95* 


Choosing the Right Pond 

Human Behavior and the Quest for Status 

ROBERT H. FRANK, Cornell University 

“A landmark event.’—The Boston Globe. “An exceptional book” —Los Angeles Times. This challenging 
and provocative book offers an alternative to the prevailing view of human beings as economic 


automatons, demonstrating instead how individual desires—notably the quest for status—pro- 
foundly affect the marketplace. 


1985 (paper December 1986) 244 pp. paper $9.95* cloth $22.95 
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From the series Europe and the International Order 


Reagan, Thatcher, and the Politics of Decline 
JOEL KRIEGER, Wellesley College 


Examining the vital and confident conservatism that has come to replace the more 
consensual basis of political life that pied the postwar years in both the United States 
and Britain, Joel Krieger argues that the emergence of a “New Right” in both countries and 
the consolidation of these highly ideological governments are responses to long-term 
decline in economic competitiveness and geopolitical influence, feused in an acute way by 
the global recession. 

1986 320pp. cloth $29.95 paper $11.95 


Governing the Economy 
The Politics of State Intervention in Britain and France 
PETER A. HALL, Harvard University 


For over one hundred years, the British economy has been in decline relative to other 
industrialized countries. France, on the other hand, experienced an economic miracle in 
the postwar period. Peter Hall examines and compares the economic policy and state 
intervention instituted by both countries, developing a new approach to state-society 
relations that emphasizes the crucial role of institutional structures. 

1986 340pp. cloth $36.00 paper $14.95 





The Politics of Neocorporatism in France 
Farmers, the State, and Agricultural Policymaking in the Fifth Republic 
JOHN KEELER, University of Washington 


This Pine study focuses on the emergence of the most powerful agricultural union (FNSEA) 

as a force in French politics, the trend toward corporatization of the agricultural sector, and the 

governmental efforts at reform and decorporatization in Mitterrand’s France. 
986 320pp. $49.95 


The Welfare State East and West 


Edited by RICHARD ROSE, University of Strathclyde, and REI SHIRATORI, University of Essex and 

Dokkyo University 

This unique, comparative examination of the different ways in which modern democratic societies 

pooride welfare today focuses on the welfare strategies and experiences of the U.S., Japan, Great 
ritain, Scandinavia, Germany, and Israel, discussing each society's ideas about the best way for the 

state, the market, and the household to contribute to the welfare mix. 

1986 320 pp. $29.95 


The Collected Works of Walter Bagehot 


Volumes XII and XIII: Letters 
Volumes XIV and XV: Miscellany 


Edited by NORMAN ST. JOHN-STEVAS 


Walter Bagehot (1828-1877), banker, economist, political thinker and commentator, critic and man of 
letters, was Victorian England's most versatile genius. The publication of his collected works is now 
complete with the addition of these four volumes. Volumes XII and XII are devoted to the letters, 
half of which are previously unpublished. Volumes XIV and XV bring together articles and essays by 
Bagehot and writings about him 
1986 Vols. XIland XIII: 736 pp.;2 pp. plates $135.00 boxed set 

Vols. XIV and XV: 932 pp.; 16 pp. plates $135.00 boxed set 

complete set $750.00 


Prices and publication dates are subject to change. 
To order, send check or money order to: Humanities & Social Sciences Marketing Dept. 
*To request an examination copy of books marked with an asterisk, write on school letterhead giving full course 
information, including course name, level, expected enrollment, and your decision deadline, to: 
College Humanities & Social Sciences Marketing Dept. 


Oxford University Press 


jit _—_—___—-_ 200 Madison Avenue: New York, NY 10016 
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RATIONAL 
CHOICE 


The first edition of Bronfenbrenner/Sichel/ 


Gardner—the rational choice — brought the 
Eí ONENI 'S economics of the ’80s into the mainstream of 

the principles course. Now, in its second edition, 
easy OSC SSCL Economics provides an even stronger presenta- 
tion of aggregate demand and aggregate supply, 


increases emphasis on applied microeconomics, 
and discusses current economic developments. 


ECONOMICS, Second Edition 

Martin Bronfenbrenner, Aoyama Gakuin 
University, Japan 

Werner Sichel and Wayland Gardner 
both of Western Michigan University 
Complete hardcover edition: About 847 pages 
Two-Volume paperback edition: 
MACROECONOMICS ° About 451 pages 
MICROECONOMICS ° About 572 pages 
Complete eee package available. 
December 1986 





For adoption consideration, request an examination 
package from your regional Houghton Mifflin office. 


A Houghton Mifflin Company 
13400 Midway Rd., Dallas, TX 75244-5165 
1900 S. Batavia Ave., Geneva, IL 60134 
989 Lenox Dr., Lawrenceville, NJ 08648 
777 California Ave., Palo Alto, CA 94304 


IS THE 
NATIONAL 
CHOICE. 
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lfyou're using a timesharing company for forecast- output for 90 sectors of the U.S. economy. WORLD 
ing, you're paying a small fortune. 

But you don'thave to. Not with the Economica family variables for 63 countries with bilateral trade flows. And 
of economic software products and your microcomputer.  Citibase-Mini, economic data on diskettes. 


FAIRMODEL, a quarterly model forecasting key macro 


Our economic software and models have been At Economica we're totally dedicated to economic 
developed by leading experts, including the renowned Ray software. It's all we do. Our products are fully documented, 
Fair. All models are fully proven in the marketplace. And easy to learn, and run on your own MS-DOS based 
you'll save thousands by using them. microcomputer. No matter what other packages 

You'll also save time. That's because you'll see you've been using, learn how you 
the results of your modeling efforts immediately. Plus, you'll  cantestours. There are none 
get great flexibility, there are no constraints. You can run better, or easier on your ECON@MICA 


alternate scenarios as often and whenever you wish. And budget. Mail the coupon or 
accuracy, based on your input, is exceptional. 


No matter what economic indica- 
tors you use for forecasting, we've got a 
solution. At the core of our family of eco- 
nomic software is FAIRMODEL, a quarter- 
lymodel ofthe U.S, economy. Then there's 
ESP®— The Econometric Software 
Package,” a too! for model building and 
economic forecasting. FINANCIAL 
MODEL, amoney and interest rate model 
. with21 variables. INDUSTRY MODEL, 
/_ itgives quarterly forecasts of industrial 


------------ 


call (617) 661-3260. 


Tellme how I can test 
Economica software. Please 
send me more informationon Title. 
(1 FAIRMODEL, D ESP/The 

















© 
Econometric Software Pack- Company. 8 
age, LI FINANCIAL MODEL, x 
O INDUSTRY MODEL, Address i 
O WORLD FAIRMODEL, it zi 
OCitibase-Mini,O The entire y—— Stale. Ip. 
Economica family of eco- Telephon E a a TN EX, 





nomic software. 
ECONOMICA, 2067 Massachusetts Avenue, Cambridge, MA 02140, TELEX via WUI GROSS] 


FINALLY, THERE ARE PC BASED FORECASTING TOOLS 
THAT RESPOND TO EVERY ECONOMIC INDICATOR. 
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Steel Energy Manufacturing Forecasting 
Output Consumption Growth Dollars 
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American Economic Association/Federal Reserve System 
Minority Graduate Fellowships 
in Economics 


The American Economic Association and the Federal Reserve System 
are pleased to announce their joint sponsorship of graduate fellowships to 
minority Ph.D. students who have completed their comprehensive examina- 
tions and, if applicable, their field examinations, and are about to begin their 
dissertation research. Awards will be based on academic performance. 


Applicants must be U.S. citizens who are Black, Hispanic or Native 
American and are enrolled in an accredited graduate program in Economics 
in the United States. Preference will be given to applicants whose area of 
concentration is of special interest to the Federal Reserve System (e.g., finan- 
cial markets and monetary policy, nonfinancial macroeconomics, forecast- 
ing, banking markets and financial structure, regional studies, the external 
sector of the U.S. economy, the economies of other countries, foreign ex- 
change markets, and international banking and financial markets). 


A stipend of $600 per month for the academic year and tuition relief by 
‘the institution nominating the student and verifying successful participation 
in its graduate program in Economics are provided. Recipients will be as- 
signed an adviser from the Federal Reserve System and be given the oppor- 
tunity to work for one summer at the Board or a Federal Reserve Bank. 


Applications are due February 1, 1987 
Awards will be announced early in April 1987 


For further information and application materials write: 


Barbara Sears, Registrar 

AEA/FRS Minority Fellowship Program 
Department of Economics 

College of Business and Public Administration 
University of Arizona 

Tucson, AZ 85721 

(602) 621-3272 
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New from the Consortium of Social Science Associations.... 


The first comprehensive 


Guide to Federal Funding 
for Social Scientists 


Prepared by the Consortium of Social Science Associations (COSSA), a Washington 
advocacy group serving the major professional societies in the social and behavioral 
sciences. Susan D. Quarles, editor. 


The federal government is a major supporter of research in the social and behavioral 
sciences, but until now, no single, multidisciplinary directory has been available to guide 
researchers through the complexities of government funding in these fields. 


COSSA’s inclusive new Guide to Federal Funding describes over 300 federal programs in 
impressive detail, including funding priorities, application guidelines, and examples of 
funded research. Introductory essays describe the organization of social science funding 
and offer inside views of federal funding practices and contract research. 


For anyone who needs to know the ins-and-outs of government funding in the social 
sciences and related fields, COSSA’s Guide will be an essential new resource. 


Published by the Russell Sage Foundation 


Available in June 512 pages ISBN 0-87154-699-X Paperback 


A e hee He HT ke HN Rh SOY eh HF YS SS FH PN e pe Re Ne eh HS ne 


Mail orders fo: Enclosed is a check, money order, or purchase 
Consortium of Social Science order in the amount of $ . Publisher 
Associations pays postage on prepaid orders; New York 
1200 Seventeenth St., NW, Suite 520 residents, please add sales tax. 
Washington, D.C. 20036 
Orders will be filled when books are available, 
in June. Please allow 3-4 weeks for delivery. ; 
Please send___copies of COSSA’s Guide Name (please print) 
to Federal Funding for Social Scientists 
(81-0699X) at the following price: Address 
C $24.95 (for libraries and institutions) 
© $14.95 (special price for 
- members of AEA) 


O $19.95 (for other individuals) 





Please mention Tue Amertcan Economic Review When Writing to Advertisers 


xlvii 


ACLASS ACT 


A Basic Framework 
for Economics 


Leftwich 

Gay Third Edition 
Macroeconomics 

Ekelund 

DeLorme Second Edition 
Economics of Social Issues 
Sharp 

Leftwich Seventh Edition 


Managerial Economics 
Southwick 


Managerial Economics: 
Analysis and Cases 
Coyne Fifth Edition 


Readings In Managerial 
Economics 
Coyne Fourth Edition 


Intermediate 
Microeconomics 


Solberg 


Financial Institutions and 
Markets in a Changing 
World 


Fraser 

Rose Third Edition 
Money and Capital Markets 
Rose Second Edition 
Financial Institutions 

Rose 

Fraser Second Edition 
Money and Banking: 


Contemporary Practices, 
Policies and Issues 

Black 

Daniel Second Edition 


<INEW FOR ’87 


<SNEW FOR ’87 


<I NEW FOR ’87 


Money, Financial 
Institutions and 
the Economy 
Harrison 


Public Finance: A 
Normative Theory 
Tresch 


Labor Relations: 
Development, Structure, 
Process 


Fossum Third Edition 


The Collective Bargaining 
Process: Readings 

and Analysis 
Baderschneider 

Block 

Fossum 


NEW FOR ’87P Statistics for Business 


and Economics 
Van Matre 
Gilbreath Third Edition 


Business and Economics 
Statistics 

Plane 

Oppermann Third Edition 


Fundamentals of 
Management Science 
Turban 

Meredith Third Edition 


Essentials of 
Management Science 
Meredith 

Turban 


Cases and Readings in 
Management Science 
Turban 

Loomba Second Edition 


© BUSINESS PUBLICATIONS, ING. 


1700 Alma, Suite 390, Plano, Tx 75075 
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The Comparable Worth Controversy 
Henry J. Aaron and Cameran Lougy 


This concise study reviews the condi- 
tions that have sparked the intense 
debate over the concept of compar- 
able worth. The authors unravel the 
implications of comparable worth for 
employers in public and private sec- 
tors, for labor union agendas and 
employer-employee negotiations, and 
for the administrative and judicial 
burdens of the nation’s courts. 
1986/57 pp./paper $7.95 


Saving Free Trade: 
A Pragmatic Approach 
Robert Z. Lawrence and Robert E. Litan 


This volume provides a detailed but 
nontechnical introduction to the 
complex implications of amending 
trade policy and shrewd, innovative 
proposals for improving America’s 
ability to adapt to rapid changes in the 
world markets. 

1986/132 pp./paper $8.95/cloth $22.95 


Other Times, Other Places: 
Macroeconomic Lessons from U.S. 
and European History 

Charles L. Schultze 

These penetrating lectures illuminate 


three areas of economic controversy 
with insights gained from comparing 


-and contrasting economic behavior 


in different eras and different coun- 
tries. 
1986/88 pp./paper $7.95/cloth $15.95 





BROOKINGS 


BROOKINGS | 





French Industrial Policy 
William James Adams and 
Christian Stoffaés, Editors 


This volume provides a contentious, 
complex, balanced, and lively view of 
how government intervened in French 
industry and describes the implica- 
tions of the French experience for 
both France and the United States. 
The contributors include members of 
the French government, civil service, 
and business community, and Ameri- 
can observers. 

1986/228 pp./paper $10.95/ 

cloth $28.95 , 


The Swedish Economy 
Barry P. Bosworth and 
Alice M. Rivlin, Editors 


Focusing on how high taxes and wel- 
fare programs affect economic effi- 
ciency and incentives, this compre- 
hensive volume evaluates changes in 
the Swedish economy, from decades 
of rapid growth to severe problems 
during the 1970s. 

1987/c. 350 pp./paper $12.95/ 

cloth $32.95 - 





The Brookings Institution 
1775 Massachusetts Avenue, N.W. 
Washington, D.C. 20036 
(202) 797-6258 
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TWO MODELS OF AN OPEN 
ECONOMY 


by Lars Bergman, Leif Jansson, Tomas Nord- 
ström and Bengt-Christer Ysander (ed.) 


Large scale, economy-wide econometric models 
are essential tools for addressing and analyzing 
many problems of economic policy. This book 
documents two such models. The first — ISAC —is 
a disequilibrium model, developed at IUI. The 
second ~ ELIAS — is an equilibrium model, devel- 
oped at the Stockholm School of Economics. 
These two models represent different schools of 
thought in model-building. Both are designed, 
however, to capture the mechanisms through 
which disturbances in world markets induce struc- 
tural adjustment in the Swedish economy. 


THE FIRM AND FINACIAL MARKETS 
IN THE SWEDISH MICRO-TO-MACRO 
MODEL 

— Theory, Model and Verification 


by Gunnar Eliasson 


The main ideas behind dynamic micro-macro the- 
ory are presented together with a detailed account 
of the model ~ called MOSES. The firm is empha- 
sized as a financial decision unit that takes inde- 
pendent hiring, production, investment etc. deci- 
sions. Some 70 percent of Swedish manufacturing ` 
industry is represented at division levels. Aggre- 
gation up to national accounts level is endogenous 
through dynamic markets. Manufacturing is in 
turn integrated in a dynamic ‘11 sector economy- 
wide model with complete demand feedback. A. 
summary of calibration methods, database work 
and empirical applications is also included. 
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